
79 0" IN VITROI TOXCICITY EVALUATION OF TEN PETICU.AT 
14

COUUMS DIV OIN ME MLACKE ET AL. DEC 6?

UNCLRA IFIED CRDEC-CR-OM S DR dCI-2-D-SSOS 
F/O 6/11 L

mhhmmmhhhhhlo

Eommmhhhmmhhl



12.0.

-IF

-9

tR , ,I . _ _

II_ 
i Z

* ..

_,, _'N ,...' _

-,.S.,. ._,.

"- -'_..

9 %A% -

. : , ,:, ., .-; , ?, .-.'....',-,,. 
...-....- ?...;,...-.. -...........-............ 

.

*Jh " 9 m

. . . . , , ,,. %,, ,-,, ,, ,,-. .- , - , . ,. .. , ,-, ., . .. . .

., , ., , ,, 
, . ., , , , 

,, , , ,, 
. . . , ... . • ,.. 

... . . . . . ... .,. . .



S ). . •' - .

% N 1*%.

CHEMICAL * %1 . I

RESEARCH,
DEVELOPMENT f .
ENGINEERING
CENTE R CRDEC-CR-88010

. -' .

00) IN VITRO TOXICITY EVALUATION 0

OF TEN PARTICULATE MATERIALS
IN TRACHEAL ORGAN CULTURE

DTIC
ELECTE by Michael E. Placke
JAN2. i i Gerald L. Fisher

$ T E IF BATTELLE COLUMBUS DIVISION

,D Columbus, OH 43201-2693D

December 1987

0.S',.,.','-,

Apploved for public !f ifi. US. ARMY

DrstribAtiim Unlizriittd AR A ENT
-MUNmONS"".
CHEMICAl. COMMAND

Aberdeen Proving Ground. Maryland 21010-5423

8}8 1 1.3 U24 ":....
.:... 4::::

A. ." " .



* .0, 

Disclaimer 0 j

The findings in this report are not to be construed as an official Department -

of the Army position unless so designated by other authorizing documents.

Distribution Statement

Approved for public release; distribution is unlimited.

-7S



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE RE

REPORT DOCUMENTATION PAGE ,.7

la. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS -UNCLASSIFIED

2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT 0

2b. DECLASSIFICATION/DOWNGRADING SCHEDULE Approved for public release; .

distribution is unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

CRDEC-CR-88010

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION %
(If applicable) %

Battelle Columbus Division,-

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code) . *%- ,

505 King Avenue
Columbus. OH 43201-2693 •

Ba. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER ,.- -

CRDEC SMC CR-RST-E DAAK11-82-D-0008
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT 7 ,

ELEMENT NO. NO NO. ACCESSION NO.
Aberdeen Proving Ground, MD 21010-5423 I I _

11 TITI.E (Include Security Classification) , .%

In Vitro Toxicity Evaluation of Ten Particulate Materials in Tracheal Organ Culture I
12 PERSONAL AUTHOR(S)

Placke, Michael E., and Fisher, Gerald L. 0
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) S. PAGE COUNT
Contractor FROM85 Jun TO8Jun"R 1987 December 153 " -

16 SUPLEMENTARY NOTATION ."

COR: Dr. Sandra Thomson, SMCCR-RST-E, (301) 671-3762 "'

17 COSAT CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 4
FIELD GROUP SUB-GROUP Tracheal explant Asbestos Graphite fibers

15 06 03 Graphite dust Brass dust Iron whiskers..,,.
Aluminum dust Carbon black (continued on reverse)

- 19 ABSTRACT (Continue on reverse if necessary and identify by block number)

-he in vitro toxic effect of eight test particles (graphite fibers, polycrystalline iron .
whiskers, aluminum dust, nickel-coated graphite fibers, brass dust, Printex L carbon 4

black, micro-260 synthetic graphite dust and KS-2 natural graphite dust) was evaluated
on the upper respiratory epithelium of hamster tracheal organ cultures based onmicroanatomical and histQmorghome.tric changesZ The fibrous materials were ground with

mortar and pestl'e to reduce their size to an acceptable range for the test tracheal
organ culture. '-..Tissue changes induced by the test articles were compared to changes
that occurred in tracheal organ cultures exposed to crocidolite asbestos (positive 4

control) and glass beads (negative control), in addition to untreated explants.

lhe relative toxicity of each test particle was characterized based on qualitative
histopathologic and morphometric differences relative to the positive and negative

(continued on reverse)

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 9 |

WI UNCLASSIFIED/UNLIMITED C SAME AS RPT. 0 DTIC USERS UNCLASSIFIED
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL % .

SANDRA J. JOHNSON (301) 671-2914 SMCCR-SPS-T ... .
DD FORM 1473,84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE , ,

All other editions are obsolete %
UN"CLASSIFIED



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

18. SUBJECT TERMS (continued)

Nickel-coated graphite

In vitro assay

19. - ABSTRACT _(continued)

controls.2 A range finding study was conducted to determine relative toxicity of
each test-'r-icle and to select optimal test concentrations. Following range
finding, explants were exposed to three concentrations of each test article and p
controls. The explants were examined after one and three weeks of exposure.
Within the limitations of the test procedures, results showed a relative rank
ordering of the potential of each test material to induce morphologically apparent
pre-neoplastic lesions in tracheal organ cultures.-- Crocidolite asbestos and ..

Ni-coated graphite were the most reactive in this study. Iron whiskers, aluminum
dust, and KS-2 graphite caused an intermediate level of tissue response, while
the remaining substances did not cause significant tissue responses compared to

control explants. The most cytotoxic materials were brass dust and Ni-coated
graphite. .

'. %

0

.. .. "

INSP'4.....

AccesiOn For 0

t ,TI CIIUJ I-

% e'.-.

cnr'r

-A %,,

2 UNCLASS*011)

SECURITY CLA SSIIC1ATI jN F T1111 1A,.
'. - J -

SECURIT CLASSICATI#,)IT

- ", " w. . . . .," p~v, " t" " - ,, -w, . . . . . . . .- • "' "?" ,'0



I

PREFACE %

-~ This study was conducted to explore alternative toxicological testing
methods for assessing the potential health hazard of particulate materials. As -
noted in the discussion section of the report and in the following paragraphs,

-there are many limitations on this in vitro testing model. The results of this
study can not be interpreted as an indicator of absolute toxicity. However, as
a preliminary evaluation, a relative toxicity ranking can be assigned to the
test materials. The ultimate determinant of airborne hazard still lies within
the purview of standard inhalation protocols. In vitro testing procedures may
reduce the number of animals required to screen chemicals but in vivo inhalation
testing can not be replaced at this time.

Scientists at the U.S. Army Chemical Research, Development and Engi-
neering Center (CRDEC) questioned why some of the diameters are so large and
indicated that their measured mass median aerodynamics diameters (MMAD) of
several of these dusts were smaller. One possible explanation for this is that
our data reflect measured count median diameter (CMD) from which the mass
median diameter (MMD) was calculated, whereas we presume CRDEC data were derived -

from an aerosol of each material. The relationship between CMD and MMD depends
.." %- .

upon the geometric standard deviation (GSD) of the distribution of particle
diameters.

p

In MMD = In CMD + 3 In2 GSD

If GSD= 1, which is true for mono dispersed aerosols (i.e., all particles are
the same size), then the MMD = CMD. In all other cases, the GSD is greater
than 1, and the MMD will be greater than CMD.

For example, if CMD = 2 jm and GSD is 1.5, 2, or 2.5 the MMD will be 3.28 I'm,
8.45 pm, or 24.83 pm, respectively. These are dramatic differences in
mass medium diameter associated with small changes in the GSD.

The relationship between real diameter, dp, and aerodynamic equivalent
diameter, dae, depends upon the density, 6p, and the slip correction, C, for
the size, d.

VrCae 6ae dae = ,/p t6p dp

Because Pae = I and Cae depends upon dae, the aerodynamic equivalent diameter
can only be determined by successive approximations. Frequently, the product
/Cae-dae is used as the effective aerodynamic equivalent diameter. Values of .-
Cp vary from 2.87 at 0.1 pm to 1.16 at I pm to 1.02 at 10 vm, so the
conversion from real size to aerodynamic equivalent size is not a simple
extrapolation. When aerodynamic equivalent size distribution parameters are
quoted, they were usually obtained with equipment that was calibrated using S.
unit density spheres.

In addition, because we do not know how CRDEC generated the dusts to
measure MMAD, which can have a profound effect on the particle size distribution
of the resultant aerosol, it is difficult for us to compare the two data sets
any further.
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CRDEC scientists' also asked why the asbestos is less cytotoxik, than

the media control at 3 weeks, referring to Table 13, which listed total H E:et

of tracheal explants bearing mucosal lesions. We made a clarification n this

table, indicating that explants often showed more than one lesion and, there-
fore, the total value does not add up to 100%. The observation of the different
incidences of cytotoxity at 3 weeks is because most of the asbestos-exposed
tracheas developed proliferative or metaplastic lesions, which either replaced
or obscured degenerative changes. Additionally, the cytotoxic changes included
for media control tissues simply reflect a large number of explants that had
minimal cuboidal to squamous change, which as explained in the report, is a
common finding in long-term tracheal explants and does not represent toxic
injury.

The work described in this report was authorized under Contract No.

DAAK11-82-D-0008. This work was started in June 1985 and completed in
june 1987. -,",

The use of trade names or manufacturers' names in this report does I

not constitute an official endorsement of any commercial products. This report
may not be cited for purposes of advertisement.

In conducting the research described in this report, the investigators %

adhered to the "Guide for the Care and Use of Laboratory Animals" as pro-
mulgated by the Committee on Revision of the Guide for Laboratory Animal
Resources, National Research Council. .

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, U.S. Army Chemical Research, Oevelop-
ment and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving Ground,
Maryland 21010-5423. However, the Defense Technical Information Center and
the National Technical Information Service are authorized to reproduce the
document for U.S. Government purposes.

This report has been approved for release to the public.
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1. INTRODUCTION

The tracheal organ culture model has been shown to be an effective

short-term in vitro assay for the detection of cytotoxic and genotoxic damage

that is induced by a variety of toxic compounds(2'7). Mucosal epithelium of

tracheal explants has been reported to develop putative pre-neoplastic lesions

following exposure to a spectrum of carcinogens, including particulate mate-

.'...%.,

rials having carcinogenic properties. These in vitro lesions share similar

histopathologic features with pre-neoplastic changes observed in animals and

humans following exposure to carcinogenic particles(2,3,5'6 ,7). For example, S-.
in vitro exposure to asbestos causes squamous metaplasia and mucosal

hyperplasia with frequent dysplastic features in tracheal epithelium(2 ,3)

whereas, tracheal explants exposed to inert particles (e.g., glass beads,

micronized latex particles, or nuisance dusts) have a much lower incidence of
histological changes and changes that do occur, do so after exposure to higher

comparative concentrations, are generally cytotoxic in nature and of mild

severity. In this study the in vitro toxic effect of eight test particles

(graphite fibers, polycrystalline iron whiskers, aluminum dust, nickel-coated

7
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graphite fibers, brass dust, Printex L carbon black, micro-260 synthetic

graphite and KS-2 natural graphite) on the upper respiratory epithelium of

hamster tracheal organ cultures was evaluated based on microanatomical and

histomorphometric changes. Tissue changes induced by the test articles were

compared to changes that occur in tracheal organ cultures exposed to

crocidolite asbestos (positive control) and glass beads (negative control), in

addition to untreated explants. The relative toxicity of each test particle t,

was characterized based on qualitative histopathologic and morphometric

differences relative to the positive and negative control groups.

2. MATERIALS AND METHODS .

2.1 Test Materials.

Eight particulate test materials were received at Battelle from

CRDEC on June 19, 1985. These were identified as KS-2 natural graphite,

micro-260 synthetic graphite, carbon black (Printex L), aluminum powder and

brass powder. In addition, graphite fibers, nickel-coated graphite fibers and

polycrystalline iron whiskers, were received November 22, 1985. Crocidolite

asbestos and micronized glass beads (stock reference samples) were used in

these studies as positive and negative control materials, respectively. The

graphite fibers, Ni-coated graphite fibers and polycrystalline iron whiskers

were too large in size as received, to suspend in media and expose tissues and

extract any meaningful data. Therefore, each was ground with mortar and

pestle into smaller particles. All of these fibers were ground in 100 percent

ethanol to minimize particle lost and dust production. Ground samples were
air dried overnight.

The percent silica in each test and control material was determined

by inductive emission colorimetric spectroscopy. The method used for silica

determination is included in Appendix A. In addition, 100 milligrams of each

positive control, negative control, and test particle was sent to Particle

Data Laboratories, LTD, for Electrozone Analysis or analytical image adadysis

to determine the particle size distribution of each sample. Brass (Just, -.

% 17
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aluminum dust, Printex L, micro-260 synthetic graphite, crystalline iron

whiskers, KS-2 natural graphite, crocidolite asbestos, and the glass beads

were analyzed by electrozone analysis. The particle size distribution of the

ground graphite fibers and nickel coated graphite fibers were determined by

image analysis. The methods for each of these analyses is included in

Appendix A.

2.2 Explant System.

Female golden Syrian hamsters (ages 25-42 days old) were used as the

trachea donor animals for this study. The hamster tracheal system was

selected based on the large amount of data available on tracheal explants

exposed to a variety of xenobiotics, specifically, asbestos fibers, nuisance

dusts and other particles(I-8 ) Hamsters used in both the range-finding study "

and definitive study were purchased from Charles River Laboratories, Inc. .

Animals used in the range finding study were shipped from Wilmington,

Massachusetts, while the hamsters used in the definitive study were shipped

from Kingston, New York. The animals were shipped in filtered crates. Upon

arrival, each animal was examined and its general health assessed. Animals

were group housed (5/cage) in polycarbonate cages. Cages were held in a

bio-clean Hazelton Porta-Room. Animals were provided tap water in bottles %%

with sipper tubes and certified Purina Rodent Chow* ad libitum. Air

temperature within the holding room was maintained at 72°F + 30 with

40-60 percent humidity. Water and feed levels were checked daily, and the

bedding was changed twice weekly.

Serum samples from ten randomly selected hamsters were collected

within 24 hours of arrival at Battelle and sent to Microbiological Associates

in Bethesda, Maryland and screened for the presence of titers to Sendai virus,

Pneumonia Virus of Mice and Lymphocytic Choriomeningitis. All ten samples

tested were negative. Tracheas were extracted from the hamsters within 7 days -
of receipt•../_ ,.

Each hamster was anesthetized with 100 mg/kg of sodium pentabartitol '.:.,.

diluted 1:1 with normal saline, administered by an intraperitoneal injection. -

Animals were placed in a supine position and secured to a rodent surgery

9 0
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platform. Hair was removed from the anterior half of the ventrd . ,- . ."1

the clipped area was disinfected with repeated applications f.

surgical scrub. Loose hair was rinsed from the board with steri : i i e

water and the ventral surface of each hamster rinsed with 70 percent ethanol.
I

Using sterile techniques, tracheas were surgically removed by mainq a vertral.

midline incision from the sternum to the point of the mandible. 'he sn Ads

retracted laterally and secured with a hemostat. The trachea , -;:,-' ,

separated with blunt dissection from the esophagus and connective ti,. ._
Each trachea was removed by severing the proximal end at the lanx anJ tre

distal end at the initial bifurcation. Each trachea was transferred to a

sterile 60 mm diameter culture dish. All remaining connective or mus, le

tissue was trimmed and the trachea opened longitudinally along the

cartilagenous discontinuity. Both serosal and lumenal surfaces were gently

rinsed with a I percent solution of penicillin, streptomycin and fungizone

(PSF) in Dulbecco's PBS.

Five tracheas were pooled in a single culture dish containing fresh

I percent PSF. Each was bisected longitudinally and each half cut into

2-4 mm2 explants by cutting between every second and third tracheal ring,

yielding 10-12 explants per trachea. Five randomly selected explants from the

culture dish were transferred serosal side down to a 35 mm culture plate.

Each explant was allowed to attach to the scored surface of the culture plate

and was incubated in complete Eagle's minimum essential media, MEM (Gibco

Laboratories) with Earle's salts, 1.5 x the standard MEM concentration of

amino acids and vitamins and further supplemented with 1.0 ,g/ml insulin,

0.1 .,g/ml retinyl acetate, 0.1 og/ml hydrocortisone hemiacetate, 0.1 percent

PSF and 100 ug/ml gentimicin. Incubator conditions were set at ./1C in a

humidified atmosphere of 95 percent air and 5 percent CO2 .

Media was changed every other day with approximately o.ib ml of 0

fresh media per well. Explants were acclimated to the culture conditions for

approximately 2 days prior to exposure with any test article.

The project was divided into 2 separate experiments. Ihe Fvrt Was

a range-finding study with the objective of determining the re-t .o -ity S

of each test article to qualitatively characterize tissue char('-. ,.

with each material over a range of concentrations and to select - ,.

10
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concentrations of each test article for a follow-up study which would induce

proliferative or metaplastic changes without producing overt cytotoxicity. %*A"

The second experiment was labeled the definitive study with the principle goal

of histomorphometrically quantitating lesion development and rank ordering

each test material as to its relative toxicity in the tracheal model.

For the range-finding study, each of the eight test articles

(graphite fibers, polycrystalline iron whiskers, aluminum dust, nickel-coated

graphite fibers, brass dust, Printex L carbon black, micro-260 synthetic

graphite and KS-2 natural graphite) and two control particles (crocidolite

asbestos--positive control, and glass beads--negative control) were suspended

in culture media at 6 different concentrations by serial dilution. Twenty .%

explants were exposed to each concentration of each particulate suspension and

one-half of the organ cultures (10 explants) were collected one week after

exposure, while the second half of each group was collected 3 weeks after

exposure. Twenty unexposed explants (media controls) per collection time were

included for additional comparisons. The dose regimen for the range-finding

study was as follows:

#.. w

Group Concentration Number of -xplants

I I Ug/ml 20
2 10 ug/ml 20
3 100 Ug/ml 20
4 1 mg/ml 20
5 10 mg/ml 20
6 100 mg/ml 20
7 media alone 40

The experimental design for the definitive study was similar;

exposing 30 explants each, to 3 concentrations of each test article, with

60 unexposed explants serving as media controls. One-half of each group was

collected one week after exposure, while the remaining tissues were collected

3 weeks after exposure. The dose regime for the definitive study was as shown

below. I
Glass beads, crocidolite, polycrystalline iron whiskers, graphiteOP

fibers, aluminum dust, KS-2 natural graphite, micro-260 graphite and Printex L

carbon black were delivered at the following concentrations:

111
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Group Concentration Number of Explants

1 100 ug/ml 30
2 1 mg/ml 30
3 10 mg/ml 30

I

Nickel-coated graphite fibers were formulated at concentrations of:

Group Concentration Number of Explants

1 10 ug/ml 30
2 100 Lig/ml 30
3 I mg/ml 30 ;,

Brass dust was formulated at concentrations of:

Group Concentration Number of Explants

I I ug/ml 30 - s,.
2 10 Wg/ml 30
3 100 Wg/ml 30
4 1 mg/ml 30

An additional dose group (1 ug/ml) was included for the brass dust

due to marked cytotoxicity observed in the range-finding study to ensure

survival of some explants exposed to brass dust.

Suspensions in media of each test material were pipetted onto the

lumenal surface of explants. Following a 2 hour exposure period, the particle

laden media was removed and fresh media added. Tissues were collected at

either 1 or 3 weeks post exposure in 10 percent neutral buffered formalin,

embedded in paraffin sectioned at 3-5 um and stained with hematoxylin and

eosin. All tracheal organ cultures collected from both studies were examined

by light microscopy and mucosal changes were described and graded according to -

distribution and severity. In the range-finding study, particular attention

was given to metaplastic, dysplastic, proliferative or undifferentiated

lesions, dose-response relationships associated with these lesions and the

cytotoxic potential of each material. Doses for the definitive study were

selected in an attempt to avoid excessive degenerative or necrotic changes and

to select for a dose dependent development of proliferative, metaplastic or

dysplastic changes. .

12
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Two serial sections approximately 300 im apart were made tissue from

blocks containing explants collected at 3 weeks from the definitive study.

Each section was qualitatively evaluated and results compared and each histo-

morphometrically analyzed. Every explant containing a metaplastic, dysplastic

or hyperplastic lesion of the mucosa was photographed and the image digitized

into a computer coupled image analysis system. The total cross-sectional area

of each mucosa was determined and the total area within the mucosa containing

one of the above tissue changes (altered differentiation) was determined and

the percent mucosal area of altered epithelium (as defined above) was

calculated. The values from each serial section were averaged and group means

with standard deviations were calculated. The data were statistically

evaluated by non-parametric analysis of variance techniques and pair-wise

comparisons were made by a t-test which makes allowance for unequal variance.

3. RESULTS

All results of these studies were based upon the morphologic appear-

ance of the tracheal explants following either 1 or 3 weeks in tissue culture.

Results from the range-finding study were limited to qualitative evaluations.

Lesions were classified based on histopathologic criteria and graded according

to distribution and severity. Descriptive narratives of each major lesion is

provided below and summary tables of lesion incidence and severity by test

article and concentration are also included.

Similar qualitative histopathologic evaluations were conducted for

each explant collected from the definitive study. In addition, mucosal -

lesions which were considered to be pre-neoplastic (metaplasia, hyperplasia or
•.* ..1.

dysplasia) were quantitated by image analysis from explants collected after

3 weeks of culture. There were unequal numbers of explants in each group due

to a variable but limited loss of explants during the culture period or tissue

processing.

% %

.'. %*
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3.1 Particle _haracterizatioa. c -t _,

The particle size distribution of each test material was determined

by either electrozone analysis or quantitative image analysis. Table I lists

for each particle the mass median diameter (MMD) and geometric standard

deviation (GSO), the count median diameter (CMD) the aspect ratio (Length:

Width) where applicable and the percent silica in each sample. Detailed %N

particle size analysis data with cumulative values for both mass and frequency

are in Appendix A. The MMD of the 10 particles ranges from 2.0 um for

asbestos to 44.8 Pm for the iron whiskers. The iron whiskers that were

initially received for this study were large and fibrous. In order to suspend

the material in media and expose the tissue cultures, the iron whiskers were

ground into a finer powder. The grinding succeeded in breaking apart the

fibers, virlding short cuboidal particles that had large diameters. Aspect

ratios :e r-- alcilated for the ground material since the length of the

particl .I: mate1 the width (measured by the electrozone analysis S

method). anz n k- Unfirmed by observation of light microscopic preparations

of the ground test article.

The silica content of each test particle is also presented in

Table 1. The percent silica of each material was less than I percent except S

for the glass beads and asbestos which had 68.5 percent and 48.1 percent

silica, respectively. ...

Range-Fi nding_ Study.

The majority of tracheal explants cultured in media alone retained

normal architectural features through 3 weeks. The predominant morphological

change in control explants was a shift in the normal pseudostratified columnar 5

epithelium to a cuboidal or simple squamous layer. There was no evidence of

any keratinization and surface membrane structures such as microcillia were

often visible. The incidence of this change (reduced epithelial height) was

much higher in the 3-week samples compared to 1-week explants. The severity

of the change was generally mild to occasionally moderate.

14
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TABLE 1. PARTICLE SIZE DISTRIBUTION AND SILICA CONTENT OF MINERAL PARTICLES

Percent r",

Test Material MMD GSD CMD Aspect Ratio Silica

Glass Beads 2.4 1.3 2.0 NA 68.50

Asbestos 2.0 3.3 0.1 12.3 48.10

Graphite Fibers 10.4 1.5 -- 3.3 2.46

KS-2 Graphite 4.1 1.9 1.2 NA 0.06

Micro-260 Graphite 3.7 1.8 1.3 NA 0.31

Printex L-Carbon Black 16.1 2.5 1.7 NA <0.01

Aluminum Dust 4.9 2.2 1.0 NA 0.03

Iron Whiskers 44.8 1.7 18.7 NA 0.15 .

Brass Dust 4.3 2.3 0.6 NA 0.06

Ni-Graphite 10.9 1.5 -- 2.9 0.89

NA -Not Applicable

The second most frequent epithelial change that was observed in

control tissues was mucosal degeneration and occasional focal necrosis. The

incidence summary tables combines both degenerative and necrotic lesions. .

Both were considered indicative of non-specific cytotoxicity and for the

purposes of these studies, the grading of degenerative and necrotic changes ,

was based on distribution and severity. Focal to multifocal, hydropic

vacuolization or cytomegaly with an eosinophilic ground glass appearance was -

considered mild degeneration. A diffuse distribution of similar changes or .. ,.

focal cell death was graded as a moderate lesion. Severe lesions were

characterized by multifocal to diffuse coagulation necrosis of the mucosal

epithelium or widespread cellular desquamation. There was a 40 percent

incidence of mild degeneration in the media control explants at one week and a

15 0

. ..e -

_____ 2-.%- - -. ,



15 percent incidence of mild degenerative changes after 3 weeks in cultures.

The decrease in lesion incidence likely represents repair of mucosa.

epithelium which was damaged as a result of tissue culture manipulation. The

only remaining finding among control explants was occasional mild to moderate

hyperplasia. The lesions were focal and were more numerous in the 1 week

samples compared to the 3 week tissues. This may also reflect regeneration ,

reparative processes.

The incidence of cytotoxic changes were relatively low in explants

exposed to glass beads. Lesion occurrence and severity did not appear related .

to concentration of the negative control material. Mild cuboidal to squamous

change generally occurred more frequently in the organ cultures collected

3 weeks after exposure. With few exceptions, mild degenerative changes were I

limited to the 3-week cultures. Mild focal hyperplasia occurred in 10 per-

cent-20 percent of several groups with no apparent predilection for the one or

three week sample periods. Finally, a single focus of squamous metaplasia was

observed in the 100 og /ml, 3 week collection group. Overall the explants

exposed to glassbeads appeared similar to media control tracheal organ cul-

tures and had incidences across all concentration groups of mild non-specific

tissue changes that were comparable to media control tissues.

Tracheal organ cultures exposed to crocidolite asbestos had a .

noticeably higher incidence of cytotoxic lesions relative to media or negative

control tissues at concentrations of 100 ug/ml or higher. Lesions involving

alterations in cell growth or differentiation occurred at each concentration -..

level, with increasing frequency with higher concentrations. Mild to moderate

mucosal hyperplasia, often accompanied by basal cell hypertrophy was the most

common change. Multifocal squamous metaplasia of the lumenal epithelium, with

occasional keratinization was observed primarily in explants treated with 1,

10 or 100 mg/ml of asbestos and collected after 3 weeks of culture.

In the range-finding study, each of the three graphite materials

(graphite fibers, KS-2 graphite and Micro-260 synthetic graphite) appeared to

cause variable degrees of cytotoxic damage to tracheal mucosal epithelium, but

each appeared to be comparable to glass beads in the incidence and severity of --"

proliferative changes or disturbance in differentiation. Graphite fibers were

least toxic, causing mild to moderate cuboidal to squamous change,

16 S
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predominantly at concentrations of 10 mg/ml and 100 mg/ml. Explants exposed

to 1 mg/ml or higher of graphite had mild degeneration. Mild mucosal

hyperplasia and metaplasia were most predominant at the highest concentration . ! .

(100 mg/ml).

Cytotoxic lesions were generally limited to mild cuboidal to . .

squamous change across all dose groups for KS-2 graphite and mild degeneration -

at concentrations of I mg/ml and higher. Moderate cytotoxic lesions were

occasionally noted in tracheal explants treated with micro-260 graphite.

Mucosal hyperplasia, dysplasia and squamous metaplasia were also mild in

severity, focally distributed and were relatively limited in incidence to the

higher concentrations for both compounds.

Printex L-carbon black caused a dose-dependent incidence of mild to

moderate, with occasionally severe, squamous change, degeneration and .. ..,

necrosis. The most frequent and more severe changes occurred at levels of

I mg/ml and higher. Carbon black caused no significant hyperplastic or . ,

metaplastic changes at any of the concentrations tested. Mild to moderate -

epithelial dysplasia did occur with some frequency in 3 week cultures at

levels of 10 wg/ml and higher. .-"-.-"

Aluminum dust caused approximately 20 percent-60 percent incidence ,.

of cytotoxic lesions of a mild to moderate nature across all dose groups, with 5

higher frequency occurring at the 100 wg/ml-100 mg/ml dose levels. The only

significant occurrence of other changes was mild to moderate mucosal hyper-

plasia after exposure to 10 mg/ml or 100 mg/ml of aluminum dust.

Brass dust caused severe degeneration and necrosis in tracheal organ .

cultures exposed to concentrations of 1 mg/ml or higher. Mild to moderate

cuboidal to squamous change and multifocal degeneration occurred in all lower

dose groups. There were no proliferative changes in the higher dose groups

due to the overt toxicity, however, the incidence of mucosal hyperplasia and

dysplasia appeared slightly greater at concentrations of 10 .g/ml and

100 ug/ml than observed in control.

There was a similar dose-relationship in mucosal degeneration and, ,

cell death following exposure to both polycrystalline iron whiskers and -

nickel-coated graphite fibers. Each test material caused complete epithelial

desquamation at the highest concentration (100 mg/ml). There was a variable

17 S

S"'"•i'''•



incidence of hyperplastic, metaplastic and dysplastic changes foll,, nq % %

exposure to lower, less cytotoxic concentrations of each test mater! .

3.3 Dfinitive Study.

The percent of tracheal organ cultures bearing morphologic changes

is listed in Table 2. Many explants contained more than one lesion, and

therefore, the values do not equal 100 percent.

Based upon the observations in the range finding study, it appeared

that concentrations of 100 ug/ml, I mg/ml and 10 mg/ml would be suitable
levels for each test article, with two exceptions. These concentrations of

brass dust and Ni-coated graphite caused excessive cytotoxicity. Therefore,
in order to proper' assess the potential of each material to cause distur- :'

bances in cell growth or differentiation, levels of 10 ,g/ml, 100 g/ml and

1 mg/ml were selected for these two materials and a fourth concentration of

1 wg/ml was added for brass dust to ensure survival of a group of exposed

explants for morphometric analysis. It was apparent, however, from the .'

preliminary study results that it would be difficult to quantitatively compare

each test material, at a single concentration that produced some degree of

proliferative change. . -

Qualitatively, there were few differences in the incidence, distri-

bution, or severity of lesions between explants exposed to similar concentra-

tions of each test material during the range-finding and definitive studies.

More explants per dose level and collection time point were incorporated in

the definitive study, providing a larger data base.

Most media control explants were normal after I week of culture and

showed mild cuboidal changes or degeneration after 3 weeks. Mild to moderate

focal squamous metaplasia was noted in 4 of 15 explants collected after

3 weeks of culture.

The morphological appearance of explants exposed to glass beads was

similar to the media control tissues. Mild focal degeneration or loss of

epithelial height were the predominant findings. Few changes in differentia-

tion or architecture were observed in the negative control groups after

1 week. Mild hyperplasia and squamous metaplasia were observed in several

tracheal organ cultures collected at 3 weeks. -
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Explants exposed to crocidolite asbestos had significant incidences

of proliferative or cellular differentiation changes. There were 67 percent,

73 percent, and 86 percent incidences of disturbances in cell growth or

differentiation in explants cultured for 3 weeks and exposed to the 100 _g/ml,

1 mg/ml and 10 mg/ml groups, respectively (Table 2). Degenerative changes,

loss of epithelial height, and mucosal hyperplasia were- the most prevalent

changes in explants collected I week after exposure.%

Explants exposed to the various graphite materials (graphite fibers,

KS-2 graphite and Micro-260 graphite) had mild to moderate cytotoxic changes

that generally increased in frequency with higher concentrations. Although,

Micro-260 graphite caused a consistent incidence of cubOidal to squamous "-

change across each dose level, none of the concentrations tested of these

three graphite materials appeared to produce a notable incidence of distur-,%

bances in cell growth or differentiation, with the exce.ption of explants

exposed to 1 mg/ml for both KS-2 graphite and Micro-260 and collected after

3 weeks.

Printex L-carbon black and aluminum produced .canges similar to

those observed in the range-finding study. There was a high incidence of mild

to moderate cuboidal to squamous change 3 weeks after euposure. Mild squamous

metaplasia was the only other significant change that occurred in explants

exposed to 100 4g/ml and I mg/ml of carbon black and collected at 3 weeks.

Mucosal dysplasia was present in approximately half of the explants of the two

higher dose groups treated with aluminum dust.

Brass dust was again extremely cytotoxic at concentrations of

100 ,g/ml and higher. Less severe degenerative changes were prevalent down to

the I ug/ml level. There were no notable hyperplastic, metaplastic or

dysplastic changes.

Explants exposed to iron whiskers had a higher incidence of

cytotoxic lesions at the lowest dose (100 ug/ml) than the nigher doses,

suggesting that the changes were not related to exposure to the test article

but were likely due to a deficiency in culture conditions for that group.
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Eighty-seven percent of explants treated with 1 mg/ml or 10 mg/ml of iron

whiskers developed proliferative or dedifferentiation lesions by 3-weeks post-

exposure. Most of these lesions were mild in severity.

Nickel-coated graphite was also markedly cytotoxic, causing diffuse S

necrosis at the 1 mg/ml level. The incidence of proliferative, metaplastic

and dysplastic-changes was inversely proportional to the incidence and

severity of degenerative and necrotic changes. .

3.4 Morphometric Analysis. ;
N.%

The results of the image analysis studies of tracheal organ cultures
are summarized in Table 3. The individual values for each serial determina-

I

tion are in Appendix C. The values listed in Table 3 are the mean percentage

of each group of tracheal explant mucosas analyzed that had proliferative -.

changes or alterations in cellular differentiation. Due to the unequal number

of explants in each group (a result of explant death or loss unrelated to

treatment) the data was nonhomogeneous. Therefore, nonparametric analysis of

variance techniques were used to examine statistical differences between

groups. 4. .

Among explants exposed to 100 wg/ml of each test article, both

asbestos and Ni-coated graphite groups had a greater degree of lesion involve-

ment (p < 0.05) compared to both media controls and explants exposed to glass

beads (negative control). Explants exposed to brass dust also had a signifi-

cantly greater area of tissue change compared to the glass bead group.

Explants exposed to media alone, glass beads, KS-2 graphite, micro-260

graphite, and iron whiskers each had significantly less (p 0.05) mucosal

lesion development compared to asbestos (positive control).

Comparison of explants exposed to 1 mg/ml of each test material _

showed that explants treated with asbestos, KS-2 graphite, aluminum dust and

iron whiskers had significantly (p < 0.05) more mucosal lesions than the media

or negative control groups. Explants exposed to asbestos had an average of

32 percent mucosal involvement of a proliferative or metaplastic nature, which

was significantly greater than the media, glass beads, brass dust and

Ni-graphite groups. Explants in these later two groups treated with brass

dust or Ni-graphite had moderate to occasionally severe degenerative and

necrotic changes following treatment with concentrations of I mg/ml; a tissue I

condition which is not conducive to proliferative changes.
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TABLE 3. GROUP MEAN PERCENTAGE OF TRACHEAL EXPLANT MUCOSA WITH
HYPERPLASTIC, METAPLASTIC OR DYSPLASTIC LESIONS

Test Material 100 Wg/ml I mg/ml 10 mg/ml

Media Control 10.1 + 12.2c 10.1 + 12.2 c  10.1 + 12 .2b,c

Glass Beads 7.1 + 9.5 c  11.1 + 14.7c 31.5 + 27.4 a

Asbestos 27.6 + 26. 2a,b 32.0 + 2 4 .4a,b 31.9 + 22.4a

Graphite Fibers NA 24.2 + 25.7 21.8 + 21.2

KS-2 Graphite 12.9 + 18.6c 25.8 + 27.8a 9.7 + 1 1.9b,C

Micro-260 Graphite 11.1 + 15.5c 21.0 + 19.1 11.3 + 14.5b,c

Printer L 13.7 + 12.4 22.7 + 16.9 10.9 + 15 .4b,c

Aluminum Dust 16.9 + 14.8 38.4 + 28 .1a,b 18.7 + 17.3 c

Iron Whiskers 0.0 + 0.Oc  30.4 + 2 1.0a,b 22.8 + 14.8

Brass Dust 23.6 + 2 5 .6b 0.0 + O.Oc  NI

Ni-Graphite 35.1 + 27.2a,b 14.9 + 25.3 c  NI

Significantly different (p < 0.05) from media control.
bSignificantly different (p < 0.05) from negative control (glass beads).
Significantly different (p < 0.05) from positive control (asbestos).

NA - group not available due to loss of cultures by bacterial contamination.
NI - group not included in experimental design.

Differences between groups began to diminish at 10 mg/ml level,

apparently due to increased cytotoxic damage. Tracheal organ cultures exposed
to asbestos, glass beads had a significantly (p < 0.05) higher percentage of

lesion development compared to media controls with a suggested difference

noted in explants exposed to iron whiskers. Each test article, except iron

whiskers, glass beads and graphite fibers had significantly less mucosal

reaction relative to asbestos. Explants were not exposed to 10 mg/ml of brass

dust or Ni-coated graphite due to the severe necrosis that occurs at that

concentration.
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4. DISCUSSION

There are a number of in vitro models with a variety of endpoints

that have been used to assess the carcinogenic potential of both organic and

inorganic materials. The latter class of substances (which have low

solubility rates) are proposed to exert their oncogenic effects by epigenetic

mechanisms. Because these mechanisms typically involve direct physical

contact with a target cell, organ culture systems are well suited to examine

the neoplastic effects of inorganic materials. The tracheal explant model has

been investigated for over 20 years with these objectives in mind, and tech-

niques have evolved that allow development of putative neoplastic lesions in

the mucosa following exposure to known carcinogens (i.e., asbestos); lesions

which are morphologically and histiogenically similar to those observed in the

upper airway mucosa of live animals and humans subsequent to carcinogen

exposure.

The results of the studies presented in this report suggest that I

there are significant differences between the test particles in the type,

incidence and severity of the epithelial changes that each induced after in

vitro exposure. The spectrum and magnitude of differences were best appre- "

ciated by qualitative histopathological evaluations, but the combined proli-

ferative and altered cellular differentiation changes were also measurable by

quantitative histomorphometry. For example, the severe cytotoxicity of brass

dust and Ni-coated graphite was easily determined by qualitative evaluation,

while image analysis of tracheal explants identified statistically significant

increases in pre-neoplastic lesions in tissues treated with asbestos, iron

whiskers, Ni-coated graphite, aluminum dust or KS-2 graphite, at least, with

one of the concentration tested.

There were several factors in this study which prevent direct com-

parisons of each test article at identical concentrations and, therefore,

limit final interpretations. Perhaps the most important of these factors is

the issue of delivered dose to the target tissue. Since it was the intent to

examine these materials in a physical state that was similar to the physical

nature of the material that may be involved in potential human exposure, there

was little to no attempt to equalize particle size distributions between test

I
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materials. The long fibrous materials were ground with a mortar arc pel to

a fine powder in order to suspend the particles for explant exposure. "" *' '.

However, the particle size distribution data showed there was a marke.

disparity between test materials, ranging from an MMD of 2.0 ,m for asbestos
I

to 44.8 um for iron whiskers. The majority of the test particles had MMD of

10 pm or less, which should allow for evenly distributed cellular interaction

and some internalization of particles. However, since in determining the MMD e.-

of a test material, mass is a cube function of diameter, a monodispersed I
particulate material with an MMD of 1 um has 1000 times more particles in the

range of the smaller fraction (-1 um) than does a material with an MMD of

10 pm. Therefore, materials with smaller size distributions will have signi-

ficantly more particles in the size range which would likely interact with a

target cell. Therefore, the relative non-toxic behavior of Printer-L carbon

black (MMD of 16.1) may be in part due to a lower delivered concentration of
"reactive-size" particle to target cells. In contrast, the iron whiskers

which had an MMD of 44.8 um was one of the more reactive materials in this

assay, and would likely be more toxic in this model system if the MMD were

reduced.

The second feature which precludes direct comparison of each

material at a specified concentration is the relative cytotoxic effects each

test article demonstrated. The experiment was designed to assess the

potential of each test article to induce changes in tissue differentiation or

proliferative response in tracheal organ culture. Since cytotoxic changes

(necrosis) generally preclude cell growth or dedifferentiation, non-cytotoxic

concentrations of each material were selected to examine the former effects.

The non-cytotoxic dose varied for each test substance. The less cytotoxic

each material was, the incidence of proliferative changes increasel w..tn

elevated concentrations. This effect was not noticeable 4ith glass bedS at

10 mg/ml; at which concentration each other particle induced over a two-thirds

incidence of cytotoxic change, with corresponding decreases in proliferative

lesions. However, 10 mg/ml of glass beads did not cause an increase in cell

damage relative to media controls, but after 3 weeks in culture ,1;,J imnreise

the percentage of proliferative tissue changes.
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One final complicating factor inherent in this test model is the

spontaneous change of lumenal mucosa from tall columnar epithelium to a simple

cuboidal or squamous layer. This effect was typically more prevalent with

increased time in culture and appears to be a non-specific response to the

environmental conditions of tissue culture. The change can also be induced

(as it was in this study) by various toxic substances. However, the toxic

response must be considered relative to the background changes in control . . ,."

tissues. These changes can also be minimized by addition of serum or

retenoids to the culture media. However, the addition of serum or retenoids

also protects the epithelium from metaplastic, dysplastic, and hyperplastic

lesions which occur following exposure to materials like asbestos. Since the

intent of these studies was to optimize conditions to permit development of

these lesions, only a small, defined amount of retinyl acetate was added to

the media, at a concentration sufficient to prevent spontaneous squamous

metaplasia in control tissues, but does not prevent asbestos-induced meta-

plasia (results previously defined in the literaLure and this laboratory( 3,8 ).

5. CONCLUSION "--,

Therefore, given the limitations discussed above, the following is .. *

proposed as a relative rank ordering of the potential of each test material to ,

induce morphologically apparent pre-neoplastic lesions in tracheal organ

cultures. Crocidolite asbestos (positive control) and Ni-coated graphite were

the most reactive in this study. Iron whiskers, aluminum dust and KS-2

graphite caused an intermediate level of tissue response, while the remaining

substances did not cause significant tissue responses compared to control

explants. The most cytotoxic materials were brass dust and Ni-coated--

graphite. Asbestos and iron whiskers caused significantly less cellular

damage, but slightly more than the graphite materials, aluminum, carbon black

or glass beads.
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6. SPECIMEN STORAGE AND RECORD ARCHIVES

Records of animal receipt, quarantine, organ culture procedures, ..

tissue exposure data, test article analysis, histopathology, morphometric

analysis, and other information pertinent to the conduct of this study as ,-Z '

defined by the protocol are contained in appropriate labeled notebooks. All

original data and pathology materials are stored at Battelle-Columbus

Division. The remaining test article will be returned to the Client subse-

quent to submission of the final report. Tissue samples will be returned tc

the Client upon approval of the final report.
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PARTICLE SIZE ANALYSIS BT ELZONE hE.CD

PARTiCLE DATA LAbOATOIES, LTD. -.

115 hAiN STREET - ELMmORST, IL. 6 1, --
TELEFiONE: (312)832-5o58 .,'

CLIENT: BATTELLE COLUMBUS LABS 20 DEC 85 :DATA

SAMPLE: GLASS BEADS 1-9742 :JOE NUMBER

VOLUME (MASS) DISTRIBLTION FROM DISPLAY AREA: 4 0

INDICES

VOLUME MODE 2.79 MEDIAN l2.60 ICRONS AND LARGER

GEDMhEiC VOLUME MEAN 2.54 +I- .72 (28.28%) SKEWNESS -.36

ARITHMETIC OLUME mEA, = 2.al -/- .63 (23.95%) StE, S -.29

PERCENTILE: 00.1. OF VOLuME IS AT J.58 ICRONS AND LARGER
PERCENTILE: %iv OFLM SA .3 ~~USAJL~EPERCENTILE: 01.01 OF VOLUME IS AT 3.2 MCFONS AND LARGER

FERCENTILE: 22.0% OF VOLUME 15 AT 3.50 MICRONS AND LARER
FPERCEmT-ILE: 221.01 OF VOLUM E IS AT 3.10 MICRONS AND LARGER

FERCENTILE: 50.0% OF VOLUME IS AT 2.60 MICRONS AND LARGRL
PEICENTiLE: 78.0% OF VOLUIE iS AT :.12 "I2RONS AND LARGER
PERCENTILE: 94.0;. O VOLUME IS AT l.o6 MICRONS AND LARGER %
PERCENTIE: 9?.0% OF V~lUME 1 AT 1. r ONS AND LAGE.
PERCENTILE: 99.9% Oi VOLUME IS AT .99 MICRONS AND LAK,'"

COUNT (FREQUENC? DiIRAjTIGN FROM DISPLAY AREA: ,

iNLILES

CONLTS nODE 2.27 MEDIAN 2.12 MICRONS AND LARGER,

GEOmETRiC COUNTS MEAN 2.03 I- .70 (34.29%) SKEwNESS -.33

AiThmETIC COUNTS MEAN = 2.12 - .61 2 26.52) SKEWNESS -. 2"

FEPCLNTILE: 00.1% OF COUNTS IS AT 4.38 MICRONS AND LARGER
PERCENTiLE: 01.0Z OF CO,)S iS AT 35 MICRONS AND LA.G -

r ERONTiLE: Oo.0% OF COuNTS IS AT 3.10 MiC"l o AND LARGER
rc. LNJILE1 22.0% OF COUNTS IS AT 2.60 MICRONS AND LARGE.
PLPERNTiLE: 50. %0 COUNTS IS AT 2.12 MICRONS AND LARGER

FtPC -!TLE" 76.0Z OF COUNTS IS AT 1.60 MiCRONS AND LARGER

PERCENTILE: 94.0Z OF COUNTS IS AT 1.26 MICFtS AND LARGER

.-,-E: 9 .O% OF CCJNTS IS AT .99 MICRONS AND LARGER

PEr LE,TILE: 9?.9% OF COUNTS 13 AT .89 MICRONS AND LARGER

Appendix A 31
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PAmiCLd SIZE ANALYSIS BY ELZONE METrtOD
PATI-E DATA LA GmAT0AkS, LTI-

115 jAmiN ST , ET - ELMmURST. IL. oOi2"
TELEPHrIE: , i)3.-,.

CLIENT: BATTELLE COLUMBUS LABS 20 DEC 85 :DATA

SAMPLE: GLASS BEADS 1-9742 :JOB NUMBER

PARTICLE SIZE VS. COUNTS

ENCLOSING

LO AT 18 .89 :12 hIGH AT 74 6.20 1

G.RAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FROM CHANNEL 18 TO 74, AND SKIP: 2

Z MAX SIZE 0 10 20 30 40 50 60 70 8O 90.

............ .......... ........ ........................................

.0 .831*

46 .5 1.02 ------------.....
20.1 1.13; -* - -- -" --

31.3 1.26 --------------------------------
46.7 1.40 - . . . . . . . . . . .- - - - -. '. - - - - - -.

78.9 1.72; . - - "----
89.1 1.91 -----------------------------------------------------------------------------------------.

?c., ,1,.

99.7 2.35 --------------------------------------------------------------------------------------------------...

,%,

'7.4 2 .89 ------------------------------------------------------------------- %, %. ,

o, ..

3 .1 3.95 ;.

.2 K J.39 %
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PAFTICLE SIZE ANALYSIS Y ELZOW mE-O,

FA;JiC[E DATA LABORATOFIES, LTD.
115 ,A-N STREET - ELMLRST. IL. 60126 -.

TELEPHONE: (312)S32-50.8

CLIECT: BATTELLE COLUMB LABS 20 DEC 85 :DA'A

SAMPLE: 6ASO EADS 1-9742 :JOB NUMBER "
• % p r(

TaTAL I TA,.LAI-- TOTAL COUNT OR VOLUME Ir ANALYSIS

TAiJLATION

DATA ID 9742 DATE 20 DEC
SIZE-NORMALIZED COUNTS DISTRIBUTIGN .

TOTAL = 91563

CmNL SIZE COUNTS Z > CHNL SIZE COUNTS > > CHNL SIZE COUNTS x

18 .89 112 1o.00 37 1.72 3231 73.61 56 3.32 1059 3.42,,

19 .2 187 99.88 38 1.78 3427 70.08 57 3.44 744 -.26
20 .95 271 99.67 39 1.84 3498 66.33 58 3.5o 453 1.45

21 .9; 367 99.38 40 1.91 3651 62.51 59 3.68 324 .95 %
22 1.02 469 98.98 41 1.97 3728 58.53 60 3.81 220 .60 _.A

23 1.06 55 98.46 42 2.04 3849 54.46 61 3.95 126 .36 0

24 1.10 69o 97.36 43 2.12 3954 5 62 4.09 60 .2-
25 1.13 823 9.10 44 2.19 405 4 ,93 63 4..-3 47 ..
26 1.i? 933 9o.20 4' 2.27 405 41.50 64 4.3a ., .:7 -
27 1.21 1*Jet ., 46 2.35 4062 37.03 65 4.54 20 .07 . ,
28 .,o 1231 94.,.. 47 2.43 3947 32.57 66 4.70 1
2g 1.31 1416 92.62 48 2.52 3875 26.26 67 4.26 10 .03
30 1.35 1609 91.07 49 2.60 3642 24.03 68 5.03 4 .02 le J.
31 1.40 19'a 89.31 50 2.70 342 20.05 69 5.21 4 .02 .. "
2,. 1.45 204 87.22 51 2.79 3149 16.25 70 5.39 7 .01
3 1.5" 2 34.A8 52 2.89 2761 12.81 71 5.5- 1 .0-
34 1.55 243? 32.53 53 2.99 2359 9.79 72 5.75 1 .CO
35 1.60 2723 79.86 54 3.10 1974 7.22 73 5.d8 i .00
36 1.66 30,0 76.88 c5 3.21 1505 5.06 74 6.20 1 .C"

DI3KAY AREA: 4 %
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PARTICLE SIZE ANALYSIS BY EJLZNE mEThOD S

-AkICLE DATA LAI<GRAIDtJES, LTD.

1-5 hArN STREET - ELhU-S7T, IL. 60'26 ' .

TELEFhOE: (3128632-565 "-
' tW

CLIENT: BATTELLE COLUIhBUS LABS 20 DEC 85 :DATA
oAMF'LE: CLP.S$ BcADS- 1-9742 :uO? NuoBEA

PA-TICLE SIZE VS. VOLUME */: -"
ENCLOSING

LOW AT 18 .89 75 nIG AT 74 6.20 318

GRAPn OF DIAMETER SIZES VS. DIFFERENTIAL VOLu.E FROM CmANNEL 18 70 74. AND SKIP: 2-.-

Z MAX SIZE 0 12(, 30 40 50 60 70 80 90 100

.................. ........ .......... .. ............... . ......... ....... ....................
.0 .83.>* " ""

.6 .92.;-

1.8 1. 13.-1 . ., -,,

3.7 1 .26T;...* ,-,.
7.6 1. 401". . .* ., '

13.2 1.55 ----------------
23. 1 1.72> -- -,, - - - - -,

36.9 1.91 ---------------------------------------54.7 n: i -2 -"'."-- --- " ---- ----

93.9 2.60------------------------------------------------------------------------------

97.3 2.89 --------------------------------------------------------------------------------
-. -.-1- -r

219.8 3.56> -------------------------- *

2........ ................. .. .... .. ....... ...
Z MAX SIZE 0 10 2) 30 40 50 60 h 3C, O Av1

.: r . -' .

%

A d A
-p :!i!::

0,-" "
Y bi".

.4......
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PARTICLE SiZE AtNALISI8 b ELIONE hET)0J ,.,,-

PA<TICLE DATA LABONAT0RiS. LTD. " %'
115 HAHN STREET - ELOMURST, IL. 60126 %

TELEFHONE: (312)832-5658

CLIENT: BATTELLE COLUMBUS LABS 20 DEC 85 :DATA

SAMPLE: GLASS BEADS 1-9742 :.6B NUMBER ,%, .

"TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALfSIS %

TABULAT ION

DATA ID 9742 DATE 20 DEC
SIZE-NCRMALIZEDI VLUME DISTRIBUTIO,-
TOTAL

CnNL SIZE VOLUME ChNL SIZE VOLUME / CH1NL SZE VOLUME I A

18 .89 75 10,.00 37 1.2 15138 93.48 56 3.32 3 065 13.0?
19 .92 458 99.9 36 i.78 18456 92.04 57 3.44 2o68, 9.So

20 .95 478 99.95 37 1.-84 21;iO. 90,28 58 3.5o 19540 o.,s ,. .
21 .9? 580 '9.91 40 1.91 214,04 88.29 '?35.6a 1547o 4. 9 5
22 1.02 73 99.85 41 1.'-7 274210 85.99 60 3.81 11695 3.4

23 i.06 873 9i.78 42 2.04 3!27 83.j7 6. 3.95 7392 2.36 . "
24 1.10 9X 99.70 43 2.12 35819 80.38 62 4.09 3919 i.- ,
25 i.13 1,47 99.61 44 2.19 4079o 76.97 63 4.23 3436 ".28
26 1.17 1444 99.50 45 2.27 45070 73.08 4 4.38 n..
27 1.22 18.9 99.36 4, 2.35 505)8 68.73 65 4.54 1743 .73
28 1.26 2439 99.19 47 2.43 54095 6j.-- 66 4.70 16', .-,
29 1.30?2lq5 8.91 8 2.52 59026 58.71 67 4.86 1073 .41
30 1.35 3772 98.67 49 2.60 61556 53.13 66 5.03 510
31 1.40 497-1 9.3 50 2 .70 65209 47 .2 69 5 .21 jo

32 1.45 S92J 77.33 51 .7 65535 41.04 70 r.39 1047
33 1.50 719 97.27 J2 2.89 63759 4.80 71 5.58 3"

34 1.55 8667 9 .S 53 2.99 60450 28.73 72 5.78 258 .', b
35 1.60 1075" 3.76 ,4 3. 5o ,6 ..97 73 5.98

3o 1.66 13124 94.7 55 3.21 4,,.o, 17.t2 74 t.20 3.8 .,1,

WT

,.- .,

.-r -_-
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD.

Ili HAHN STREET - ELMHURST, IL. 60126

TELEPHONE: (312.)832-5658

CLIENT: BATTELLE 16 JAN 85 :DATA
SAMPLE: CROCIDOLITE 1-9742 :JOB NUMBER

VOLUME (MASS) DISTRIBUTION FROM DISPLAY AREA: 4
.. . . . . . . . . ..IICES

VOLUME MODE = 1.84 MEDIAN = 1.84 MICRONS AND LARGER

GEOMETRIC VOLUME MEAN = 1.92 +/- 5.28 (274.44%) SKEWNESS .02

ARITHMETIC VOLUME MEAN = 4.59 +/- 7.74 (168.76%) SKEWNESS ..35

PERCENTILE: 00.1% OF VOLUME IS AT 67.71 MICRONS AND LARGER
PERCENTILE: 01.0% OF VOLUME IS AT 38.89 MICRONS AND LARGER
PERCENTILE: 06.0% OF VOLUME IS AT 18.14 MICRONS AND LARGER %..
PERCENTILE: 22.0% OF VOLUME IS AT 5. 21 MICRONS AND LARGER

PERCENTILE: 50.0% OF VOLUME IS AT 1.84 MICRONS AND LARGER
PERCENTILE: 78.0% OF VOLUME IS AT .70 MICRONS AND LARG-R
PERCENTILE: 94.0% OF VOLUME IS AT .25 MICRONS AND LARGER

PERCENTILE: 99.0% OF VOLUME IS AT .11 MICRONS AND LARGER
PERCENTILE: 99.9% OF VOLUME IS AT .07 MICRONS AND LARGER

COUNT (FREQUENCY) DISTRABUTION FROM DISPLAY AREA: 5

INDICES

COUNTS MODE = .07 MEDIAN = .10 MICRONS AND LARGER

GEOMETRIC COUNTS MEAN .12 +/- .08 ( 69.562) SKEWNESS .63

ARITHMETIC COUNTS MEAN .14 +/- .13 ( 93.43%) SKEWNESS = .57

PERCENTILE: 00.1% OF COUNTS IS AT 1.50 MICRONS AND LARGER
PERCENTILE: 01.0% OF COUNTS IS AT .65 MICRONS AND LARGER
PERCENTILE: 06.0% OF COUNTS IS AT .30 MICRONS AND LARGER
PERCENTILE: 22.0% OF COUNTS IS AT .16 MICRONS AND LARGER
PERCENTILE: 50.0% OF COUNTS IS AT .10 MICRONS AND LARGER
PERCENTILE: 78.0% OF COUNTS IS AT .08 MICRONS AND LARGER
PERCENTILE: 94.0% OF COUNTS IS AT .07 MICRONS AND LARGER
PERCENTILE: 99.0% OF COUNTS IS AT .07 MICRONS AND LARGER

PERCENTILE: 99.9% OF COUNTS IS AT .07 MICRONS AND LARGER
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD

PARTICLE DATA LABORATORIES, LTD.
115 HAHN STREET - ELMHURST, IL. 60126

TELEPHONE: (312 .832-5658

CLIENT: BATTELLE 16 JAN 85 :DATA "..

SAMPLE: CROCIDOLITE 1-9742 :JOB NUMBER

PARTICLE SIZE VS. COUNTS
ENCLOSING". '

LOW AT 1 .07 800000 HIGH AT 88 27.50 1

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FROM CHANNEL I TO 8, AND SKIP: 2

I MAX SIZE 0 10 20 30 40 so 60 70 80 90 100

95.4 .07>.-------- - ------- ---------------. .. . .. .. . .. . .. .. . .. .. . ...-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *

75.9 .08 ---------------------------------------------------------.

44.5 .12> -. - .- .-.-.-. . ..-.-.-.-. ..- .- •-•- - -'-

32.8 .15> ----------------------------. -

23.5 .19> - - - - - - - - - .-.- -
16.5 .23> ------------- -

7.5 .35 ... ...-- "-""-

4.9 .43>" - -.....-.
3.1 .53>-.. -. -*i"-

1.9 .65> - .',"-

.7 .99> .

.4 1.• 22.'-* . '
. 2 1.50>* .. "-. .

.1 2.27>0 ,"" ,
•.0 2.79>* ..
•.0 3.44>*
.0 4.23>. .... *_.

.o . .. ........- "

.0 6.41>A 0 03 40 000o
•.0 7.90>* .. """

.0 9.72>, ....

.0 11.97>* .... "" "-'-'

.0 14.74,o .. "".-,,
•.0 18.14>* ..... ..
.0 22.341",.. • .. £."" "

.0 27.50>* ... ',.--_

X MAX SIZE 0 10 20 30 40 50 60 70 80 90 100 ,,.-

Ap ' A
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PA;,i LE DATA OF 1 LD. .'..'."
115 HAHN SjlEE- - ELMHU&AT, . .-..

TELEPHONE: (312)832-'658

CLIENT: BATTELLE 16 JAN 85 :DATA

SAMPLE: CROCIDOLITE 1-9742 :JOB NUMBER.-

TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS " -

TABULATION

DATA ID 9742 DATE NO DATE

SIZE-NORMALIZED COUNTS DISTRIBUTION

TOTAL :86890352

CHNL SIZE COUNTS I > CHNL SIZE COUNTS % CHNL SIZE COUNTS ..

I
1 .07 8000000 100.00 31 .53 257827 1.87 61 4.23 587 .00 '-

2 .07 743473s 90.79 32 .57 220094 1.57 62 4.54 457 0 %

3 .08 6889216 82.24 33 .61 187335 1.32 63 4.86 352 .00

4 .08 6365400 74.31 34 .65 158995 1.10 64 5.21 266 .0"

5 .09 5864701 66.98 35 .70 134558 .92 65 5.58 195 .0.
6 .09 5388074 60.23 36 .75 113553 .76 66 5.98 149 .00 I
7 .10 4936195 54.03 37 .80 95558 .63 67 6.41 117 . 0

.11 4509419 48.35 38 .86 80097 .52 68 6.87 90 .00

9 .12 4107876 43.16 39 .92 66773 .43 69 7.37 69 .00
10 .12 3731526 38.43 40 .79 55206 .35 70 7.90 54.0

11 .13 3379216 34.14 41 1.06 45777 .29 71 8.46 42 100

12 .14 3052769 30.25 42 1.13 37657 .24 72 9.07 33 i0

13 .15 2749733 26.74 43 1.22 30808 .19 73 9.72 25

14 .16 2469783 23.57 44 1.30 25298 .16 74 10.42 20 .00

15 .17 2211977 20.73 45 1.40 20937 .13 75 11.17 16 jo
16 .19 1975469 13.18 46 1.50 17288 .11 76 11.97 13 .00

17 .20 1759262 15.91 47 1.60 14286 .09 77 12.23 10 .0
18 .21 1562283 13.89 48 1.72 11859 .07 78 13.75 8 .00 I
19 .23 1383439 12.09 49 1.84 9665 .06 79 14.74 6 .00

20 .25 1221602 10.50 50 1.97 7830 .04 80 15.79 5 . . .

21 .26 1075382 9.09 51 1 6369 .04 81 10.93 4 ,"
2 .28 944368 7. 85 5 2.27 5148 .03 82 18.14 3

3 .30 826893 6.76 53 2.43 4145 .02 83 19.44 2 ." -
24 .33 721955 5.81 54 2.60 3344 .02 84 20.84 2 .00

25 .35 628543 4.98 55 2.79 '6o5 .01 85 22.34 1 "'
26 .37 545666 4.26 56 2.99 206, .01 86 23.94 1 .00

27 .40 472376 3.63 57 3.21 1626 .01 87 25.66 1 .00

28 .43 407774 3.09 58 3.44 1283 .01 88 27.'0 1 .0 -
29 .. 62 59 3.68 1007 .00

30 .49 301296 2.21 60 3.95 778 .(.0

DISPLAY AREA: 4
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD. .'

115 1AHN STREET - ELMHURST, IL. 60126
TELEPHONE: (312)832-5658 "'.'I

CLIENT: BATTELLE 16 JAN 85 :DATA

SAMPLE: CROCIDOLITE 1-9742 :JOB NUMBER .
PARTICLE SIZE VS. VOLUME

ENCLOSING
LOW AT 1 .07 153223 HIGH AT ICS 89.34 11493

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL VOLUME FROM CHANNEL I TO 105, AND SKIP: 2 S

Z MAX SIZE 0 10 20 30 40 50 60 70 80 90 ICO

.o7I.............

A4 .08--, .

7.8 .10. ----------

4.0 .18> --------------------- .. "
20.4 .19, . . . . . .- . . .- -" -,, -.-

26.3 53>------------------------------------------------.

34.0 .28> - -

69.4 .35> ------------------------------------------------ . N
51.1 .43> - .- .-.-.-.-. . . . . . . . . . . ..-. ..- - -.-..- -'- - -.

67.38 .-----------------------------------------------------------------------

89-.>----------------------------------------------------------------------
33.9 .99'> . . . . . . . . . . . . . . . . . . . . . .-" -

87.3 1.22> ------------------------------------------------------------------------------------------.
91.4 1.50 ----------------------- ---------------------------------------------------------------
95.4 1.84>--------------------- - - - - - - - - - --................................ .- - -,-.

91.6 2.79 ------------------------------- ------------------------------------------------------------------

2.2 3.44 ........................----------------------- - -------------------. - - - -
70.2 4.23/ ------------------------------------------------------------- - ------ -
59.3 5.21> ------------------------ ------- ---------------. .
48.5 6.41> ...-------------------------------- *....... ....

34,0 11.972; .. . . . . . . . .- - - - - - -.

32.2 14.74 ----------------------------------
30.5 18.14- ---- - - - - - - - - - - - --
3.5 22.34 ------------------------.

.8.5 27.50, - - - - -
i11.8 33.851 ------- ------

7.7 41,68 -. . ....

4.5 " 1.31> .. ..
2.8 63.17> .... "%., ,
1. 4 77.78:,-*..,.'.%

S.........., ......... ......... !......... ......... ......... ! ......... , ......... ......... ......... . -. .
hX SIZE 0 10 20 30 40 50 60 70 80 90 "

wA~Th'1(ix A 3-9 39- .
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%

:1,I' HAt4N STREE T 
- ELPHtR3, I.. (0126 _

7ELEr 1Bft L02-568

CHN SIE OLUE QCHIL. SE J'42 I CH NUS7;WiEL04

% > ...:

"TOTAL IN TABULATION: TOTAL COUNT OR VOLUME IN ANALYSIS,,,,,,,,

TABULAT ION

SiZEmNORMAL1ZED OL.UME Di0 T;U' "..,

TOTAL :85464179 '.-,,
-• . ,. .

CHNL SIZE VOLUME CF,. SIZE Y7-JME " C';L SIZE VOLLIME 7

1 .07 1522Z3 100., 36 .7, 314977 " 71 8.46 1683089 14.75

2 .07 175233 99.9: 37 .20 1262224 74.33 '7 9.C 1621335 13.74

3 .08 1°9J52 99.2: 32 .86 336o40 73.04 7 9 9.72 1534803 12.97

.08 227447 99.77 3c  .92 _,,3455 71.23 74 10.42 1478477 12.14 "

5 .09 25703 99.50 4O .99 351628 69.37 7, 11.17 1431614 11.34

6 .09 291312 9. .45 41 I.C6 3'2,'  67.47 76 11.97 1425"11 10.'-7.

7 .10 329133 99.30 42 1.13 36361,51 65.73 77 12.83 1418116 9.80
8 .!1 370176 99.12 43 1.22 36624(10 3.52 78 13.75 1401141 9.04
9 .12 41516i 98.92 44 1.30 3702522 1.60 79 14.74 1352193 8.28

10 .12 464294 78.7;0 41 1.40 P7259 9 .O,3 80 15.79 1305759 7.115
11 .13 ,17773 98.44 46 1.50v 2835045 '7.5 81 16.93 1304148 6.85 p

57578 ' 47 1.60 3903628 55.50 32 18.14 1281154 6.,. .
13 .15 638477 97.86 48 1.72 3987273 53.40 83 19.44 1206238 5.46
14 .16 705979 97.51 49 1.84 400001Y ,51.5 84 20.84 1070037 4.1
15 .17 778453 97.13 50 1.?7 29P8796 49.09 85 22.34 9@59q6 4.23
16 .17 85J91 96.71 ,1 2.12 3996612 46.94 86 22.94 93635 3. 0o
17 .20 938425 9c.2 52 2.2? 3976624 44.1-8 Bi 2S.66 908CI91 3.19
18 .21 1025978 75.74 ".3 2.43 3;4 ".. 42.4' 28 27.0 775579 2."
19 .23 1118529 95.19 54 2.60 3914602 40.51 .3Q 29.47 698405 .28
20 .25 1215980 94.50 55 2.7 3840617 38.47 90 31.5Q 612256 1.1.
21 .26 1318184 93.9S 56 .Q 3658884 36.33 91 33.85 496098 1.58
22 .23 1424937 93.22 S7 3--i 355317 34.76 92 36.28 414948 1.31 ,.,.,
23 .30 1535 gi 92.45 58 3.44 344Qe,20 32.44 93 38.89 3,42:6 1.09 0
24 .33 16,,049,; 91.62 5 3.,-0 ...1 a 7.$ 04 41.68 32:103 .,9
25" .35 1769 1,14 90.73 60 325 3;6c82

.  28.79 9' 44.67 .... .-,
2.6 31 1891369 89.7G 61 4.27 7 94427!, 27.o, 96 47.88 215774 .53
27 .40 2015797 88.76 02 4.54 2826072 25.49 97 t1.21 190197 .47
28 .43 2142336 87.6' 63 4.26 2678056 23.97 98 55.00 168627 .36
29 .46 2270381 86.52 64 5.21 ' oQ 22.52," 99 58.94 136838 .27 S
30 .49 23 .29 6? 1.7 224440 21.19 100 63.17 117856 .20
31 .53 151a516 84.00 66 5.Q8 2122049 ",4.Q7 101 67.71 83181 .14
32 .'7 2656763 82.64 67 6.41 7036 i2 18.82 102 72.57 58407 .09

33 .61 2783242 81.20 63 6.87 193905S 17.73 103 77.78 58084 .06 1
34 .s5 29A8753 79.70 ,, 7.37 1822335 16.68 104 82.36 42119 .,

15 .,5 35 2 "78.,13 70 u.: 1l55-8 15.70 105 8Q.34 11493 .01

IV
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PF' T !: E S IZ E A N A L S l o- P E L Z C, N r M ET ni~ l , , %

rr,

FAR'ICLE DATA LABORATUO1lE, LTD. .-

lij5 rlANN STEET - ELMMuF:ST, iL. 011,c
rELr-FhJrE : ( 312)do , -j6Sb ,- "--a

P.'".

CLIENT: BATTELuE O .uhJS LABS 20 DEC 65 :DATA ( ',- w"

SAnLE; D ACN rS2 NATLRn.L GA;rl-E i-i742 :sO NuMER-
FARTICLE SiZE vS. COUhTS "-,
ENCLOSING -'-'.

LUjw AT 1 .43 857 riiGh AT 1A 1@.76 2

,AP'm OF DIAMETER SIZES S. DIFFRENTL:. COuNTS FROM CMANNEL I K 110. AND St: 2 2

Z MA. SIZE 0 .0 20 30 40 So 60 70 80 io
......... ......... I .............. .... ................... I......... ......... .. ...................

97.a .43 ------------------------------------------------------------------------------------------------------ f p
'9Q .9 -,4 - - - - - - - - - - - - - - -- -.. . . . . . . . . . . . . . . . . . . . . . . * L

9--------------------------------------------------------------------------------------------------*
9 . 4 .53."' ......... .......... .......... ........... .......... .......... ........... ......... . ..........-.--- "--9.

77.8 .59 - ---------- ----- --- --- - - - - - - - - - - - - - - - -- -.- -

95.5 .~V--------------------------------------------------------------------------------------------------- t
92 ..4 .7>--------------------------------------------------------------f. ..%''

SSS.-o .80..--------------------------------------------------------------------------------* ,
'"8 . . .89 , - - . . . . . . . . . . . . . . . . . . . .- - - - - - - - - - - - - - -.

7. 4 .9..----------------------------------------------------------------------------.

74 .1 i - - -0 - - -".'".-- - - - - - - - - - - - - -
6z. 1.2 ------------------------------------------------------------------------ ..

&5 0:. 7 i2------------------------------------------*. ." " ".-'

5.3 1.5 ---------------------------------------------------------.. . . . . . . . . . .--

-: . - - - --, - - --. . . . . . . . . . . . .- -m , 
%

5.3.:.. . . ..---------------------------------------------------- ft * ......
5.c xsb-----------------------------------------------f*

4. 2. --------------------------------------------

-1. .2 - - -. -- , - - - -

--, ----------------- -- - -

15 2 4.70, ... ''

5.7 5l.78. --

I 6,41. ---

.9 7.90;-* ..76;*-

.3 9.72;-*"

.2 10,79>*
~~.1 1-1.97.*..? .-

r, i 13.28:*
, '.0 14.74;t2# "% ''

0 ~.0 1.3:
#" .0 18.14,* ""'

... ... .. ... .. ... .. ... .. ... .. . ,,,.. ., .,.....,,.. . ... .. .. .. .. .. .. .,...... ' ' ' '

X "iAX SIZE 0 10 20 30 40 50 60 iQ SC ,
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PARTICLE SIZE ANALYSIS BY ELZONE hETriOD .""
FART:LLE DATA LABORATORIES, Ll1. ,.e P

115 HAHN STREET - ELMHuRST. IL. 60126 %
TELEP t: k312)832-5658 , If

CLIENT: BATTELLE COLUMBUS LABS 20 DEC 85 :DATA .-,.-,

SAMPLE: DXON KS2 NATURAL GRAPHITE !-?742 :J8 NUtMBER

"TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANA.YSIS

TABULATION -t

DATA ID 9742 DATE 19 DEC

SIZE-NORMALIZED COUNTS DISTRIBUTION
TOTAL = 372481

CHNL SIZE COUNTS I CiNL SiLE COUNTS 7. , CNL SIZE CousTS .

1 .43 8157 100.00 38 1.55 4488 30.3- 75 5.5& 5-.

2 .44 8139 97.8. 39 !.60 4365 29.63 7o 5.76 470 .71

3 .4o 891 45.61 IO i . 2 42 2 ..46 77 .i8 404

4 .48 8183 93.41 41 1.72 4284 27.31 76 o.Zu 333 .48

1 .49 817o -.22 4. 1.78 4265 Z6.1o 79 6.41 258 .3-
6 .51 8157 39.02 43 1.84 4231 25.01 80 6.64 204 .32

7 .55 8148i 86.3 44 1.91 41t 23.88 81 6.87 17? "

6 .55 810b 84.04 45 1.97 4046 22.77 82 7.12 136 .21
9 .57 3u65 82.47 46 2.04 398. 16 3 73 1

10 .$9 8014 80.30 47 2.12, 391) 2u.61 84 7,03 94 .1,
:1 .6i 7963 78.15 48 2.19 3929 19.57 5 7.90 77
12 .63 7897 76. ! 49 2.27 3953 18.51 86 8.18 62 .10
13 .65 78n-7 7S.89 50 2351 3873 17.45 87 8.4o 51 .03
14 .67 7750 7i.79 51 2.43 3794 16.41 88 8.76 36 .07
1J .70 7661 69.71 52 2.52 3658 15.39 89 9.07 32 .06
16 .72 7570 67.65 53 2.60 3t1 14.41 90 9.39 26 .05
17 .75 7476 65.62 54 2.70 35d 13.4 91 9.72 21 ,0-

18 .77 7370 63.i2 55 2.79 3507 12.49 92 10.0o 17 .01
1? .3 7261 61.S4 56 2.89 346? 11.55 93 10.4Z 1- .u"
20 .63 7148 9.6 7 2.99 33f 1).62 i i0.7 13 .03

: .oo 7U29 57.7; 58 3.10 3284 9.7: 95 11.7 13 ..
-7 .8? 69"4 55.63 ,? 3.21 313 3.83 " a i .02
23 .9A 677 .54.73 60 3.32 237 7.59 57 11.97 1,
24 .9Ko 42 L2."i 61 3.44 Z77 7.X i2.3 .
2, .Y? 62b -5.43 . 3.5 2637 . 2.83 8 ., ..
., 1.01 636' 46.06 63 3.6d 2456 5.75 1 13.-8

L106 622 4o.97 6 3.81 223t 5.' 1' 13.7..
-.,v 6,4 4tJj 05 3.5 212 .4 102 14.13

29 1.13 5917 43.67 66 4.09 1905 3.92 103 '4.74 .. ,
30 1.17 5776 42.08 67 4.23 1698 3.41 104 IS.26 4 .ul
31 1.22 . 5624 40.53 68 4.38 156o 2.9, 105 15.7 , .

.32 1.26 5471 39.02 6r -.54 ;381 2.5,3 ( 16.35 4 .0.
33 1.33 5316 37.55 70 4.70 1245 2.16 107 16.93
34 1.35 161 36.12 71 4.66 1175 1.83 10b 17.52 2 .00
35 .40 JOJ 34.74 72 5.03 975 1.51 10'; 18.A 2
3,) 1.45 4K27 33.39 73 5.11 GI: 1.25 110 I3.76 2 .00
3, 1.5O 490 32.10 74 5.39 658 1.03 658--.:-

DVS-LAT AREA: 4
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.. ... . . .toe ,C~~~~2 SKt --- rz: £rrtr..

CLIEN':W" . U A -K .8 2;
S0,PLE: DIXON KS2 NAT'KAL &RAR HITE 1-9742 : N OmuE

:'-:'LE S1E VS. YOLU.E Zt-

EC hI& .43 626 NIrh AT 121 2'.0 1447

OF D1Ai1ETE S-UES VS. DIFFERENTI4L YVJJ.bM F r L,$N&L : T2 U. qN 3 -: 2 - -

ii .5K-* . . I I I

4.. , .Y1 -- Iii

......... . ..... . ....... ] ......... ......... .. ..... ......... .. .

* .--------- f

2.04 - - - "

-,0. .----- 
-

- - -- - - - -.

3.44------- -------------------------------------------------------------------------- ------------* -4 . Z .-,,

* - - - -- - - - -- - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - -

* 4 4 ----- - - - - - - - - - - - - - - - - - - - - -

-j .;. - . 1 " ------ -- ----- --

- - . .. - - - -. . - -. . .-

4 " .- --------- .. . . . . . . . . . d* " %P

- - - - - - -

S ., . ................. ................... .... ... ...... .. ...... # .. . .,

. 1 0.. . . . . . . . . .. . . .Y " -

::. . a ,,, . . . . . . . . . . . . . . ... . . . .. .. . . . . . . . . ... .. . . . . . . . . . . . . . . . .. . .. . .. . . . . . . . . ,,



I

-4%.,,.,

C~ r I ! ._-3 . ILL,'", ' ' 9 h.t 2 '2, J,:,
-" ~~A A LL.LCL*z.JH3 .

"TOTAL IN TABULATION= ToTAL 0034 0i tLME IN '. '7IS

TABUXIATiON .

DATA ID 9242 DATE 19 DEC
SIZE-NORMALIZED VOLUME DISTRIbUTION .% *"

TOTAL = 4173597 ,,., r

CHNL SIZE VOLUME %C. S:UE '.0.UME L 
t iN v2..E I h L

1 .43 526 100.00 4: :.73 2203 93., 33W1 4, '

2 .44 697 99.99 43 13 25: 2 ,7 84 7.3.4. .

3 .46 774 T,97 44 !.9: 7; iL. d 7.0 366,o

.48 6 5 99.95 4 ' 309 <o 6, , .1-7 -7'-.

5 .49 95 99.93 46 2.04 323-- 91.14 8 o.40 .re.

6 .51 1053 99.91 47 2.12 26J 8 90.36 86 8.76 2. .553- -

7 .53 116o 9Q.B3 4 2.19 39942 .o9.49 8 9.37 231

8 .55 1268 99.05 49 2.27 44o4: eo.0Z K 1.L

9 .57 1421 99.32 50 2.34 48469 87.4k 91 9.,2144. .".

1$ *5q 1567 99. 77 51 2.43 53o, jb.a V.. .'.. .- " ."

ii .61 :7.8 ''. " 2,5:,2 3.04 73 "4 -

12 .63 1901 99.71 7. 2.53 oJ a, ci.0 94 s.7, io;oe 0.:, "

12 .o T Th6o 54 2.0 .... o... 17.1 o-S i. ,. 3

14 .67 2297 99.61 55 2.79733 du.20 9 11 .,S6 18 0.-.
10 .70 25 0 e_.69 ,hoU 77.> V 11.7 , . " 7

a .,.- 27,62-' 99.50 57 2.?? 62,,o 71.93 %O 1'.3;'O .J;- 4.'.) "

17 .75 3,27 97.43 56 3..0 , , '
18 .77 3 11i 9.l . 9G_7.7 Jv i.-n )ca} 4 . ,.''

19 .80 3S20 'a.23 ov .272 70.13 7l. - .j3. o.46 I

20 .83 3>4 99.i9 o. 3.44 judoyc o'.7 ' 1U 14.-3 15710;  3.4" -

21 .Bo 4313 99.10 ol 3.50 !.473 _0.19 t02 14.4 1,64 ,.13
22 .69 4">.-2 99.00 63 3.oI i11os o.4: 104 1:311 .0. ""+

2." . .@61 Jr.4

64-

24 .95 5260 ?8.Tj 1 3.9 2o5o0 0 .j: ioe 1,.35 .23 , 2..+ ,. ,_
-" .. 6'>. b'.OU 50 4.,4 ' ' L

Ic 1.02 6570 96.4b o7  4... .443 . , ? .

27 1.06 7120 98.32 Sr 4. 2 1: - I.4_

26 1.10 7719 78.10 tv 4.0; 1- 44 , . '.2- . .".

29 1.13 835w .n, o 4.7-; 12.4 4 i .. ,

30 1.!7 9137 97.77 ?j 4.8t 130 ic..- , . ,'

31 1.22 9763 7, - ' , 1 ,: *. , ' "

32 i.to 1053e 97.., 7'- S. 1,094' . , 4

33 1.30 11301 .07 ',- . . . "

34 1.35 122., JS,7 > I
35 1,40 l'is" 'Yo.5o' 7 .. -. . .- ,

36 1.45 1437: ct. ' - 's
2? :,.5< .'>w- 9 .c,. c"' ',. . . .. . . ' " 4

J' ~ O 1794.. J+,., C3 4.4 L c- , . i . " ' + % '.

3: 1.5 s.c' A:
40 1.66 1 6 a ,4. o 1
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PARTILE SIZE ANAP-15S PT ELZONE mETrU %(

A C- .: fMA 3,k-T-.k:ES. L,._
lib i ,t£i T - Eu'A.TT K. * &t.".'- V

:.K. T: 'T.TLL L -rP.J t LALo lo D C 6t :Dv.T4 .
SAnK E: ,nijk& Lot 5. ,7n7.-t G, oIrTE ;-k7.2 :J1? ,UflELA "-.

FARTICLE SIZE vS. COuNT."

.Ow AT I .A 1o75 MIG A- i6 16.35

00 "0

CAPh OF .Ir ETER SIZES vS. II7PEKZ:;I-L zOL -'tf ; (P4NI;tL !Q T 6. AND S :r: 2 '.-" .-'t.

I MA- S2E C; L, 1 3( -0 9 tO I) 30 --

o.. 5 ........................................................... ..... ... .... ... .. .. ..... .. .40.9 .61---------------------~ %
-*O t - - - - - - - - - - -

75.3 .63 .. . . .. . . . .. . - .. . . . .. *f•'

65 i. .. . ... .. .. .. .. ... .. .. ... ... ... .. ..-.. .. .. ... ..I:. ? .92.4 1.0 ----------------------------------------------------------------

;6.4 1. 13 ........ ....... ....... ............. ....... ....... ....... ....... ...... ....... ....... ...--------*.99.2 i.2.1--------------------------------------------------------------------------------------S

1..6 1 4---------------------------------------------------------------------------------------------- .4
9 9 .2 1 .2 o --. - -. - . . . . .- . .- . .- . . ..- . .- . .- . .- . . ..-. .-. .-. . ..-. .-. .-. .-. . ..-. .-. .-.- - -. -

98.6 1.40; -. .. .. . . .. .. .. .. . ... . . . .. .. . .. . ... .. . .. . . ..--- ------------------------- *.-------------------------

73.9 .. ; - ----------------------------------------------------------------------.. . . . .
63.9 1.91' --. . . . . . . . . . . . . . .- "- -% -

3i,5 2.3j; -- -

2 .9 &.89, -* ."" -

10.9 3.5 ..... ,-,..--------- ---

6. .tA.

I• 4 I -- , .

4.3 4.

. 5.;&--*.-, .

• 7.37 *"1',, '

.7 8 8;*@

.a 9.07 * , ''
.3 iO.06;* "'''"

.0 13.75; ,* . -,"•

.0 15.",6.,#

MAXn SIZE 0 10 20 3040 60 0 70 80 yc O0 ""-'"
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FWUVVWVVYUyWr"Y Y'w -,Kv v mr w~YrFn r rw % P -y .-w- - -.- -

W7;TCLE S52E AsA-YSE ly %~Y~ ~Er
PARICE DATA L4Ai-ATotmj1S. LTD.

Ili hArIN STREET - E L5,% IL. 60I26
TZLEFF104E- Q.:2 )32-56 58

CLIENT- 47 ,:E L AZ? 26 DEC 31 :DATA
rALE MICRO 2o SjTrE-iC 9RAPITE -42:ONuE

YL:7 L 1h TAFUL ?TlOrv TOTAL COUNT OR 'UDLUME 1N AMALYS;S

TABULAT ION

DATA ID 97 42 DAE 26 DE: X
SIZE4heROALIZED C~uNTS DISTRIBUTICN

CM,~ SIZE COUmTS o~ .HL STEulT 7 CHNL C32E 0 uNTSI.

1 .61 t7 0.0 33 ,.B4 ls5Th 22 65 5.53 i1i .01
24 .L.13 662 55 .~5 1

.63~. .1. ,

5 .70 2299 94.4a 37 21.12 2:12 16.13 69 6.41

6 .72 7.16.o t~21 I?. 4.
7 I J .2619 l .4 3? 2,27 1 '77 I1.l 1 o.87 ~ . ,,

8 .77 27?7P' 3;: C 2.35 i6:7 72 722., - -. 44 .-

.3 ~ 7: 4: 2.4 12 .. 3 73 7.3'1 3 - .2"

10 .33 3 0 8 21.01 41' U 3 96 74 7.6'- 33 .

.86 82~ 2.77 43 2.c 126 5 8.6,1 75 7*7 27 25

:2 .9 360 0.44 44 2.c ~7.72 76. 1.15 2

13 .72 485 73.00 4'5 2.?? l,(7 6.86 77 8.4b 2 .11
4 .9 5~ 2D 4~ 0.189 ~ 3 78 8.76 2D .10

~ *q? 37(f, 7.: 7 2. ?Y K~4 5.48 74 9.07' 18 .08

~ ..2 3~5 7.0 48 2 0 4.86 80 9.39 14 .,,,

S ~ ~ ~ 3"~3.43 8, !0.47 10 .04

1. 1 39?:i .*4~ .~ 3- i .7

1.: 40.. 'L 36' 42 2.7.1 all li.i. 7 0

23. 1.,,0 47.2 97, 4 34, 871937 50

25 .40 4 4 4 .27 .19 4 ..~ 1 3 9i

25 1.40 4040~ 4 J 57 4 -'-7 4 695 l:.8-

27 1.50 39 3.2o 45J4-109 ,177S 2 1

1.7f. 3L-4 o ~0 4.70 184 -7 7: 14.23- .01

2~1.60 3514 32.?E tl 4 .36 §7 1.04 931 14.74 2 X2

SO 1.06 3373 3&A-13 62 5.03 165 1~ 94 5.6 1 .00

51 1 .7 3162 27. ? 63 5.21 130 .79 95 15.7 1 .00
32 17004 2.7 453 2 .70 96 16.35 1 .

P::iLPY AkR:AA 4
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rPLWVE~~~.b %Pw.ar 7V-Fqw.

CLIt T: I4ATTE-L - - -L:L1S LAL 6 D -r 8'- A ~"-7

SAMPLE: MICRO 2S ;:NlmIC GRAFnE I- 7;2 :dmJnEK ..G

rAFT:CLE ' S. ','L L E P C L 5, 
@ ,

EU&L OS "A A'.,1 '

LOW AT 1 .61 531 HIgd AT 103 20.84 396

GCRAP OF DIAMETER SIZES YS. DIFFERENTIAL VOLJME FROM CHANNEL I TO 103, AND S;iF: 2 ,

ZMAX 1iZE 0 1s. 30 0 50 , 70 8( K iC,

I.3 1 --- - - - - . , a
2.8 .7>

z.7 . ...

11.7 .92" - ,- -".-- -- .--
17.4 1.C2; -. . . .- -' -- - - -

2;35 -------------------------------- *

p3.S 1.40-, -----60.2-------------------------------------------------------------",'..-. "
6P.2----------------------------------------------------f. .-e -2 -. -Z ..... . .. ... .... . .. ... .... . ..... ...... .... . ..... ... .. .... . ..-"-" - .

K73.3 . - . . . . . . . . . . . . . . . . . . . . . ',. .

90.3 2.3S.

96.5 26u-------------------------------------------------------------------------------........* ",' -

' 3.4 i.---------------------------------------------------------------------,t
p~2. 74-------------------------------------------------------------------------------------*

8.3 3.5o -- - -.------------------------------------------

90.8 3.------------------------------------------------------------------------------------------ ... '

90.5 .953---------------------------------------------------------------------------------- 
%

-41

37.4 4. . . . . . . . . . . . . ..-------------------------------------------------------------------------- .

83.0 5.39------- -. .. .. ... ... . ... . ..-. ... ... . .. ...-.. ..------ ------. - -. - -

9.1 5.98: --------------------------------------------------------------.. ....

70.1 6.64 --.------------------------- - - --- --- ,- -----

6.5 7.37------------------------------------------------------------- -

562.4 8.18" -------------------------------------------------------- *

- -- -- - - - - - - - - - - - -
2.32 9.07; . .. ..-----------------------------------------.. .-- " " ."

50.7 10.3 ---

33.7 12.9. . ..---------------------------. . ..

2 0 3 7 . .. .. . .. . .. . .... .. .. .. . . . . . . .

*18.2 15.2&-------------- * . . . . . . . . . . . . - . .- '. -,

. ... .... .. .. .... . .... .... .... ...
* .2 20.8A -* ,*- .

Z 'I,, SIr 0 12' 20 3w ,
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PATI4CLE SIZE A FALY5IE Y ELZSE METGmu"-
F ARTILE DATA LAL RATGkijS, L D.

Ii5 MAnh iTkEET - ELMnuRST. IL. 60126
TELEPrCONE: (312)832-5.-"

CLIENT: BTTELLE COLUMPUS LABS 2o DEC 85 :DATA
SAPLE: MICRO 260 SN-nETiK GRAPt,ITE 1-9742 :;jOB Ntmb1ER

"TOTAL IN TABULATIGN= TOTAL COUNT OR VOLiME IN ANALYSIS . C.
TABULATION

DA7A ID 9742 DATE 2a DEC .
SIZE-NORMAlIZED VOLUME DISTRIBUTION
TOTAL 1/36320

CHNL SIZE VOLUME % CHNL SIZE VOLUME % CHNL SiZE VOLUME

1 .61 53i 100.00 36 2.04 27172 79.56 71 6.87 24235 21.962 .63 643 99.97 37 2 -12'9169 7B.00 72 7.12 212061 20. 5 7"

3 .65 773 9;.63 38 2.oO 3010 76.3 73 7.37 187" i3.5, ". ""4 .67 927 99.89 39 2.27 29237 74.18 74 7.63 20610 18.05 ".

S .70 13 99.3 40 2.35 "?74 72.?0 75 7.90 133 16.K,•6 .72 13,2 99.177. 41 2.43 2001. 7 1 .20 76 8.18 20q43 4..i
.7 .75 15SOc 9-1.73 4-42 -5: " 30?67 69.42 77 8.46 189S4 1 4.-S"i'-.8 .77, 1824 99.61 43 2.60 316io 67.64 78 8.76 1897a 13.r",2v

1.13 2 ?37 9.1,, 44 2.70 3:707 63.52 7? 9.07 19106 :.3 "

1i .86 2894 99.24 46 2.aP 30o06 6.io 81 9.72 17015 10.37
12 .89 344 99. 7 47 2.99 6%234 57.40 82 :O.3 1o424 9.4c,
13 .92 3848 93.IP 48 3.10 2462 53.5 83 10.42 15-22 ".45
14 Z4( 4Y 3. -4i; 5o. 1 a i0.'9 127 6?;
15 .99 %.9, 50 .3: K ; 5I? 35 'a,1 7 13.177

1.2 9. 56 13453 .97
17 *..6 454 97) r 2 0.6 2o03 2 .54 7 11.97 132 5.2
1 i.10 7 .41 53 3-6 o 03 49.

6 0 88 12.39 1273; 4.48 N'
19 1.1i 3 I?8 . .;. 392 4-.2 e9 .2.83 10,43 3.IS.
20 1.17 .2. .: ;5 3o% 2r'44 4t.45 DO 13.28 5110 3.27
2i 1 .22 , 1 .03 c 4' 44. i 3.75 7 67 2.7422 1.26 limb- - 57 .23 2 8BL 43.0Q o2 14.23 7793 2.3G...

23 1.30 12467 94.'3 58 4.38 2 j 4..4 03 14.74 7325 1.64
2' 1.35 14247 41 j 4.' 4t . 94 It 6 59o3 .,
2 1.40 16006 

4. 9
2 ,.i 24-2 36.71 96 :b.35 3806 .82:" 27 1.57 11456 ? 7:., 2 5. '3 2T 35.0~ O 7 16.93 2751 ...
28 1.55 10715 00.23 63 5.21 25868 33.7 o l .d 2 2 .44
29 1.60 20475 89.10 o4 5.39 2'20b 31.89 9- 18.4 16, .-9 -30 1.66 21807 87.02 V1 6 .! 27148 30.32 10c 18.18 147 .19 . 7
31 1.72 223 5 . 66 5.73 242,. 23. , 01 4.44 S .1132 1.78 24067 85.36 67 5.98 22647 2.37 :02 20.1I 6,z .06
33 1.84 22'': K.91. 69 6.20 2478 26.06 103 :0.84 % ' .(
34 1. 2565) 82.65 6 6.41 23499 24.64
3' 1.97 3 ' . 0 2 '
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PARTICLE SIZE ANALYSIS BY ELZONE METmOD .

PARTICLE DATA LABOrATORiES, LTD. '.,,

115 HAHN STREET - ELhn iL.ST. IL. 6),2 , *,,"-

TE,.EF~iONZE: (312)8321-56S8

CLIENT: BATTELLE COLUMBUS LABS 19 DEC 85 :DATA

SAMPLE: CARBON BLACK (PRINTEX L) 1-9742 :JGb NUMBER .

VOLUME (MASS) DISTRIBUTION FROM DISPLAY AREA: 4

INDICES

VOLUME MODE = 65.40 MEDIAN 40.61 MICRONS AND LARGER

GEOMETRIC VOLUME MEAN = 26.09 +-- 52.84 (202.51%) SKEWNESS =  -.74

ARITHMETIC VOLUME MEAN = 39.40 +/- 26.25 ( 66.62%) SKEWNESS = -.99

PERCENTILE: 00.1% OF VGLUME IS AT 96.57 m-CRONS AND LARGER

PERCENTILE: 01.0% OF V3LUmE IS AT 88.57 iCRONS AfD LARGER %,%

PERCENTILE: 06.0% OF VOLUrE IS AT 77.78 MICRONS AND LARGE-,

PERCENTILE: 211.0% OF VOLUME IS AT 05.40 MOICRONS AND LARGWE' S

PERCENTILE: 50.OZ OF VOLUME :S AT 40.61 MICR3NS AND LARGER 
v'""

PERCENTILE: 73.0'. OF v C,E IS AT I0.O MiCT ONE A:,D L,RGEF.. -

PERCENTILE: 94.0% - VOLUME !*i, AT 2.3C MICRONS AND ARGER

PERCE;iT:LE: 95.0 OF VOLUME IS AT 1.53 MICRONS AND LAR,' -
F mCENTIE: '.9% Or VOLUME IS AT .G2 MICON ANi, L,i<G

CO.,NT (FREQuEh,%.) DISTRABUTION FROM DISPLAY AREA: 5

INDICES "' ''
IS

COUNTS MODE .98 MEDIAN 1.33 MICRONS AND LARGER

GEOMETRIC COUNTS MEAN = 1.57 .+- ( 54.49%) SKEWNESS .69

AR:TMETIC COUNTS MEAN = 1.78 +/- 1.51 ( 84.63%) SKE.NESS .53

PERCENTILE: 00.1% OF COUNTS IS AT 17.07 hICFONS AND LAROER,. -

PERCENTILE: 01.0% OF COJNTS IS AT 6.87 MiCRO(OS AND LARGER

PERCENTILE: 06. % OF CC;Jr4TS IS AT 3.44 M .CR N, ANh, .ARE"

PERCENTILE: 22.0Z OF COOt TS IS AT 2.u4 MICRONS AND LARGER

PERCENTILE: 50.0% OF N',JNiS IS AT 1.J8 MiC',NS AND LARGE -

PERCENTILE: 78.0% OF COuNIS IS AT i.1 MICRCNS AND LARG , S

PERCENTILE: 94.0% OF CCUNTS IS AT .io rICRCNS AND LARGER %

PERCENTILE: 99.0% Oi COUNTS IS AT .98 M'CRONS AND LARGER

PERCEfTILE: 99.9% OF COUNTS IS AT .98 mICRONS AND LARGER
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SlZE ANALYSIS BY ELZONE METriOD

PARTICLE DAIA LABORATC[RIES, LTD.
115 HAhN STREET - E.MHiURST. IL. 60126

TELEPhONE: (312)832-5658

CLIENT: BATTELLE COLUMBUS LAS 19 DEC 85 :DATA

SAMPLE: CARBON BLACK (PRINTEX L) 1-9742 :dJ6B NUB:BER

FARTICLE SIZE VS. COuNTS.

ENCLOSING

LOW AT 21 .98 13107! HIGH AT 126 92.49 1

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FROM CHANNEL 21 TO 126, AND SKIP: 2

I MAX SIZE 0 10 20 30 40 50 60 70 80 90 iCO

.0 .9o>,. ....
99 .6 1.02" -. . -. . -. - -. - -. - -. -. . -. . - .- - .- - .- - .- . .- . .- .- - .- - .- - .- . .- . .-.- - .- - .- - .- . .- .-

92.1 1..... ..................................................................................... I........... ,.. .

92.1 .16>---------------------------------------------------------------------------------------------I
79.4 1.33.: ---------- --- ------ - - - - - - - - - - - - -- .---..

65.1 1.51> ------------------------------------------------------------------5o.5 17,-" -
37.9 1.96I -------------------------------------- * . . . . . .".

28.3 2.23,- . .-* .- - - . . . .

I 4

2oI.......... • ............

0.5 2. 4 -----------...-.-

10.7 329'..
7.8 3.75 . . ..- , - -
j.9 4 -17 ------- .'-.,,.

* ..'.-.".-':

4.6 4.86., --
3.c. 54 ... -- ,-

1.6 6.30> -/ "

.9 93>*-

.6 10.60."
.4 .o .. , -":'
.3 13.751* -''-?*.

.1 17.83.;*-. "-.

.1 1'20. 30.' --. "

.1 23. 12>* 4_

.0 29.99>;.# i"1

.0 34. 15.'-.•"
.0 38.B89' " "'.

•.0 44.219;* '"L '

.0 50.43".*

.0 5 7 .43.;'"

•.0 65.40>* .- ,,'
.0 74.48.m. .?,*1

X MAX SIZE 0 10 20 30 40 50 60 70 80 90 lo ;o,..

,.%-
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PARTICLE SIZE ANALYSIS BY ELZONE mEThGD S
PARTICLE DATA LABORATORiES. LTD.

115 HAmfN STREET - ELMHJRST, IL. 60126 ". Ile
TELEPHONE: (312)832-5o58

CLIENT: BATTELI.E COLutiUL' LA3S 19 DEL 85 :DATA

SAMPLE: CARBON BLACK (PRINTEX L) 1-9742 :JOB NLiBER

"TOTAL IN TABLLAT10f,= TOTAL C ,iT OR VOLUhL IN ANALYSIS . ,...-

TABULATION

DATA ID 9742 LATE 17 DEC
STZE-NORMALI .., COW'TS DISTRIBUTION

TOTAL =2O85o , -,- -. -

CNNL SIZE COJNTS z CnHL SIZE COUNTS % CHNL SIZE ZOUNTS .-.

21 .98 131071 100.00 57 4.65 0622 3.12 93 22.14 101 .06 0
22 1.02 130594 93.72 58 4.86 5973 2.8i 94 23.12 90 .01,
23 1.07 127593 87.45 59 5.08 1560 2.52 95 24.15 82 .05

24 1.11 124421 81.34 60 5.30 5102 2.25 96 25.2 - 75 .05
25 1.16 120761 75.37 61 5.54 4567 2.01 97 26.33 68 .C4 . -26 1.22 1'474 5,.
26 1 154 69.58 62 5.78 4021 1.79 98 27.50 64 .04
27 1.27 110413 64.05 63 6.04 3737 1.60 99 28.72 60 .(

28 1.33 10;io8 58.75 64 6.30 3377 i.42 100 29.99 54 .02
29 1.3a 98335 53.76 65 6.53 2997 1.26 101 31.31 50 )1-
30 1.45 92443 49.05 66 6.87 2604 1.11 10 32.70 48 .03
31 1.51 85281 44.61 67 7.18 2420 .9? 103 34.1t 44 .-.j
32 1.58 78532 40.53 6a 7.50 2100 .67 104 35.60 41 .02
33 1.65 72335 36.76 69 7.83 1803 .77 105 37.' 3? .12 5

3A 1.72 66251 33.2? 70 8.18 1 oZ5 .69 106 36.2i 38 .0. .
35 1.79 6: 255 30.12 71 8.54 1417 .61 107 40.6, 36 .02 .

36 1.87 550, . 27.18 72 E.?2 125i .54 108 42.41 35 .j2

37 1.96 4o1 24.5A 73 9.31 lI. .48 10; 44.29 ,1 .'2
38 2.04 472 22.16 74 9.72 980 .42 i10 46.25 2 .01 %

39 2. 3 4"7?3 19.92 75 10.15 877 .. ) ill 4c.&- 30 .1-
4! 2.23 57092 17.9 7o 10.eO 748 .34 1Ii- 50.43 29 .Oi
41 2.3 33447 16.14 77 11.)7 668 .30 113 52.t6 27 .,I , ,
42 2.43 30390 14.54 7E 11.56 600 .27 114 55.o .01 -

43 2.54 2-8v3 13.08 79 12.07 530 .24 115 5-.43 23 .i .,
44 2.65 24919 11.79 3C 12.6i 478 .21 116 59.97 21 .01
45 2.77 22263 10.60 81 13.17 406 .19 117 62.63 19 .v ,

46 2.89 19929 9.53 82 13.75 356 .17 116 65.40 17 .00
47 3.02 17506 8.58 83 14.36 324 .15 119 63.30 i5 .(o
43 3.15 15o97 7.74 84 14.99 288 .14 120 71.32 13 .00
49 3.29 14039 6.98 z5 15.66 253 .12 121 74.48 11 .00
50 3.44 12831 6.31 86 16.35 217 .11 122 77.78 9 .00 _

51 3.59 10895 5.70 87 17.07 198 .10 123 81.22 5 .00 '
-2 3.75 12;; 5.17 86 17.83 169 .09 124 64.82 3 .00
53 3.91 9011 4.68 8? 18.62 151 .08 12 88.57 2 .00

54 4.09 8678 4.25 90 19.44 134 .08 126 92.45 1 .vO

55 4.27 7712 3.83 91 20.30 122 .07

56 4.46 7049 3.46 92 21.2 110 .16

DISPLAY AREA: 4 --''
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PARTICLE SIZE ANALTS SiY ELZONE mETH6D
PArTICLE DATA LA8KDATORIES. LTD.

115 N AN STREET - ELMrURST, 1L. 60126
T3EEP i(tiE: 3 2 )32- 5 .. .-. 4-%E~tE Qll .11-6

CLIENT: BATTELLE COLJM1 LS LABS 19 DEC 85 :DATA

SAMPLE: CARBON BLACK (PRINTEX L) 1-9742 :JOB NUMB E
PARTICLE SIZE VS. VOLUME

ENCLOSING
LOW AT 21 .98 113014 HIGH AT 128 100.86 83806

GRAPm OF DIAMETER SIZES VS. DIFFERENTIAL VULumE FRM LM ANEL 21 10 128, AND SKI?: 2

Z hAX SIZE 0 10 20 30 40 50 60 70 0 90 0,-

20.8.20.3 ...... . .. . . . . ... . .. . . . .

2.0 1.02, -

4.5 1. ........

. 2.33l 
"------- - ---- N 

%-

5. 34.9S--------------------f

8.3~~~~ 221----*.% .

.5 3.9----------------------

9 .0 4 .72-.. .- - - - -

7.2 40.27;--------------------------------------f

•13.9 4. 6' - - -I - -

100. 5. 4--------------------------------------------------f

17 .B 6 ..0 .. . .- -. -. --..-

922 7.8------------------------------------------------- .

14.2 9.- ---------------------

18 91 2.0 3 75e ---- ---- ---- ---

"- ..- .,

12.2 13.7' - -.- -".-."- -

19.5 17.83 -- - - - - - -

20. 2A 0.IZE 0> 10-2--30-40-----------

15,7 & -- - -

p. nx26.3 A5" 4 * --- --- ---

3 .8 2 3 4 . 15 1 -- -- -- -- - -- -- -- - -- -- -- -
45-1 ~~~ ~ ~ ~ ~ ~ ~ ~ ~ -3889 - --------

5 9 .4 4 4 .-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

71 .2 5 .4 - - - - - - - ---- ---- ---.-

43.2 84.82; - - -"i- " - -'"- - - -- - - - --

25.9 96.931 ------ . . .. .. . .. . I r'-. -

9 4 4 ,% - ... .. . .. . .. . .. .. . .. . .. . .. . .... .. . . . . ............ .. . . . .. . . . .

Z0. MAX IZE0 10 1" 304"06 7 0?

.. . .. . .. . . .. . .. . .. . . .. . .. . .. . .
A 

,54
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PARTICLE SIZE ANALYSIS BY ELZONE METnOD V
PARTICLE DATA LABORATaklES. LTD. *'*,J .

115 HAHN S-EET - EL*1JRET, IL. 6126 ., .z
TELEPHONE: (312,832-5658

CLIENT: BATTELLE COLUMBuS LABS 19 DEC 85 :DATA

SAMPLE: ,ARBCN BLACK (PRINTEX L) 1-9742 :JO NUMBER

"TOTAL IN TABULATIONt TOTAL COUNT OR VOLUME IN ANALYSIS

TABULATION

DATA ID 9742 DATE 17 DEC

SIZE-NORMALIZED VOLUME DISTRIBUTION

TOTAL = 2.34557E 8

CHNL SIZE VOLUME z CHNL SIZE VOLUME % > CHNL SIZE VOLUME X

21 .98 113014 100.00 57 4.65 1139050 89.90 93 22.14 1865157 6

22 1.02 167281 99.95 58 4.86 1169740 89.41 94 2a.12 000937 656J

23 1.07 265786 99.88 59 5.08 1240080 88.91 95 24.15 1980900 64.95
24 1.11 331249 99.77 60 5.30 1295868 88.38 96 25.22 2037185 64. iv,

25 1.16 373567 99.63 61 5.54 1321036 87.83 97 26.33 2123167 63.23

1.22 419057 99.47 62 5.78 1324451 87.27 98 27.50 2254622 62.3

27 1.27 456502 99.29 63 6.04 1401966 86.70 99 28.72 2389239 61.37

28 1.33 480424 99.09 64 6.30 14428-4 S0i 100 2c.99 2486626 60. , '-

29 1.38 506461 98.85 65 6.53 1457764 85.4? i01 1.3i1 2624794 59.2 .-

30 1.45 536796 o8.67 66 6.87 1442729 84.87 102 32.70 281S, -82 58.? .- ,,.

31 1.51 541702 98.44 67 7.18 1526326 84.25 103 34.15 3001912 56.95*". -

32 1.58 568051 96.21 68 7.50 1S03673 a3.60 104 35.66 3222686 55.6) 7

33 1.65 589905 97.97 69 7.83 1474965 82.96 105 37.24 3424992 54.10 , '

34 1.72 590953 97.72 70 8.13 1514206 82.33 106 38.89 3814739 52., -

35 1.79 603746 97.47 71 8.54 1502799 81.08 107 40.61 4043601 51.21

36 1.87 617852 97.21 72 8.92 1511244 81.04 108 42.41 4486481 49.,

37 1.96 634041 90.95 73 9.31 1579701 80.40 109 44.25 4979568 47.57

38 2.04 680013 96.6a 74 9.72 1536585 79.73 110 46.25 5555709 45.45 S

39 2.13 692526 96.39 75 10.15 1565450 79.07 111 48.29 5899403 43.08

40 2.23 700254 96.09 76 10.60 1521683 78.40 112 50.43 6309453 40.z7

41 2.33 719096 95.79 77 11.07 1547694 77.76 113 52.66 6755931 37.88

42 2.43 7440f6 95.49 73 11. 56 1582154 77.10 114 55.00 7014827 34.;? -.

43 2.54 747445 95.17 79 12.07 1588766 76.42 115 57.43 7355336 32.00 '"

44 2.65 791191 94.85 80 12.61 1632549 75.74 116 59.97 7658623 28.87 •

45 2.77 805003 94.51 81 13.17 1582507 75.05 117 62.63 8071296 25.60

46 2.89 820605 94.17 82 13.75 1577137 74.37 118 65.40 8388607 22.16

47 3.02 82087 93.82 83 14.36 1632608 73.70 119 68.30 8349041 18.59
48 3.15 838198 93.47 84 14.99 1655698 73.00 120 71.32 8210802 15.(.3

49 3.29 853685 93.11 85 15.66 1657609 72.30 121 74.48 77356(5 11.53

50 3.44 888501 92.75 86 16.35 1616436 71.5, 122 77."j 6562135 8.21,
51 3.59 859063 92.37 87 17.07 1687021 70.90 123 81.22 5080311 5.43

52 3.75 922863 92.00 88 17.83 1634378 70.18 124 84.82 3627739 3.26
53 3.91 921172 91.61 89 16.62 1655777 69.49 125 88.57 2368650 1.72

54 4.09 1010719 91.22 90 19.44 1637978 68.78 126 92.4; 11623i5 .71 ''I

55 4-27 1022826 90.79 91 20.30 1741192 68.06 127 96,59 412395 .21

56 4.46 1064590 90.35 92 21.20 1795965 67.32 128 100.86 83806 .04

..
' ....
',w'S .. '
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-,"W, " r. RTIC E SiZE WHpAULIS i r ELHI: *1-I.I1L
P A --ICLE IJATA LABOPRATJ..ES, I.

115 m~i ) -- I- ELMT1J". :L. 60.2o

TEL-rh~riE: (31i28.-5o~o

-b-: WAT LLE .. AU LA'S 20 DEC 8K :D,g'A

SAhd; ALUMNum DuST 1-9742 :j~k hunSER

VOLUMnE tmASS) DISTRI.;uTION FROM DISFLA' AREA: 4

INDICES2

VOLUME MlODE = 9.07 MEDILAN = 6.41 MICRONS AND LARG"R

GEOMETRIC VOJJmE MEAN~ = .9 +/- 8.30 (.39.70/.) Si,ZINESS -38'%

ARITHMETIC VOLUME MEAN E-26 4,- 6.34 (76.75z) SKEwNESS -.. , __

ECLNTILE: 00.1% OF 'C LJh IS AT 31.59 MICKONS AND LAER

PERC-EmNTLE: 0I.al OF YULUME I5 AT 26.5c r 1L'R 314 E A N LAI'C:R
PcRCEiK 11E: 06.. C OL.' I~ Al 20.Li , ~iC R ;S A,,D L A IMJu

% ;ERCECi4LE: .12.Oi 3F VO,.LM1E 15 AT 12.83 MI C~ AND LkAFOER
PERCENTILE: 50.0.L OF ULUlm TS AT 6.41 MI7-CNS ANI' LARGER
PERC-ENTILE: ?6 . :j*. F d3Lur.E iS AT 2.99 ml.R~iNS AND LAR GER
P E -N I IL '? 1". 0z kLUfl. i:S AT 1.35 ,A ,--R CNS A,4D LAJ .-

~~L-F~ O-r.C.LAE IS AT .61 i~CA' AN~D LARGER' ...

PE"CE'NTLE: 9 .J1 'u-r '0 L Lr i c A~ At ML IONS ri A~

C10%ii kFF:EQJEs~l) DS4TRAUTION FROm DISPLAY AREA: 10

COLN-S MCDE .43 MEDIAN .70 MICRONS AND LARUCER

GE0mETRIC COUNTS MEAN = .81 .0-:*9 72.691) S.EwNESS = .65

*R'*Th'-TC COUNTS MEAN = .92 1 .86 (87.57%) SNEwNESS = .6

FERCEN-1 LE: 00.1% CF COUNTS IS AT 9.39 MICRONS AND LARGER
PE.CEtJILE: 01.01. Or COJNTS 15 AT 4.38 MICRONS AND LARG'ER

FE'ECENT:LE: 06.0Z OF COUNTS IS AT 2.i9 m, CRrca AND LARGER

PERC-ENTILE: 22 .0 OF COUNTS iS AT 1.17 MI C ;CN'S AND LARGER

rEPCErj-ILE: 5,).O CZUGiTC r : 5 A .i 70 MI O"A~i AC
FEP.CENqfI E: 7a.uZ O CCur41-aS A .5 CO NDLARGER
PERCENTX.E: 94. 11. GF C t;NT IS a AT .44 mICRONS AND LAPGER A

;VEtETILE: 97-. 0. OF COuN TS- IS AT . AS MICROrsS AND L A ;GER
,ERCZENT ILE: 99.9Z CF CCLIJS IS3 AT .43 M.ICRCNS AND LARGER
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PARTICLE SIZE ANALYSiS Bl ELZGNE mZTnLC q
PARTICLE DATA LABORATORIES. LTD.

115 HAMN STREET - ELhMHRST. IL. 6O026

TELEPmONE: (312)832-5658

LLIENT: BITTELLE CJLUmBUS LABS 20 DEC 85 :DATA

SAMFLE: ALUfItNUM DuST 1-9742 :dOB NJmBER .. .

PARTICLE SIZE VS. COUNTS
E NCLO S: NG r

EJC r
LOW AT 1 .43 65535 HIGH AT 123 29.47 1 t t-r

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FRCM ChANNEL I TO 123, ANI SKIP: 2 r-%_'

Z MAX SIZE 0 10 20 30 40 50 60 70 80 90 ±.: -.

10 . 41 .............................. !..........!..........!..........!........................................"" 
" "

92. , .4" ..............................................
100.0 .43 ----------------------------------------------------------------------------------------

925 .42----------- ------------------------------------------------------ *
84.9 .53.1 .. . . . . . . . . . . . . . . . . . . ..------------------------------* .
77.3 .59 .. . . . . .. . . . . .. . . . .- -. -. -. - -----------.

77--3-5----------------------- --------------------------------------- *

69.9 .65.---------------------------
62.7 .72;--- -----.-------------------------- - -
55.8 .80.> ------------------ - ------------------------------- ft. .

41.3 .89" -------------------------------------- . . -

30.o 1.22,; ------------------------------ *. . ,-.." . . .- ,

211 .9 1.35; . . . . . . . . . . . ..- -"- - - -"-

23.8 6 1 50, ------------------------- " "

210.9 1. 66,; . . . . . .- -' % - - -,"- -
17.0 1.84.. ------------------..

14.2 2, 04 - - - - -",f-t -

7.4 7. '1;

.0 3.810 -.. . .. " . '4.7 3.44 ------*

.. . . .B .. . . . .. . . . . .. . . ....... V...-..

Z.A 4•70,; 0 ) 40 5.0,0.09'.- ,

.9 6.41;-*

. 7. 12.,

2 I0 .7 9 " ,,, , ,',,. ,,

.1 14.74,.*

.0 16.35'.0'."". w

.0 16. 14x*" %.

".0 20. ! 3" ;*

.0 24.78,*

.0 2;.50,* ... ...

.. . . . ......, .. . .. . . .... ... ......,. ... ... ... ... .. °, , o , , ° , , , , ° , . ,. ...... . . . .. ........ .- -

X; MAA SIZE .0 :o o : 40 Z,(; 60 70 80 9 "--5-
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PARTICLE SIZE ANALYSIS BY E.ZDE mETmOD ...

PARTIC.E DATA LABORATORIES, LTD.

115 HAhN STREET - ELMHURST. IL. 60126

TELEPmOmE: (31.832-5oi8

CLIENT: BATTE,.LE COLUMMBUS LABS 20 DEC 85 :DATA
SAKPLE: ALuMINuM DUST 1-9742 :JOB NUMBER-

'TOT. IN TABULATION= TOTAl. C3UNT OR VJLUnE IN ANALYSIS

TABULATION,

DATA ID 9742 DATE 20 DEC
Si,7E-NORmALIZED COUNTS DISTkIBUTIOi-

TOTAL a 16173o0

CHNL SIZE COUNTS Z ; CHNL SIZE COUNTS X CN- SIZE COL'NTS

1 .43 65535 100.00 42 1.78 -1736 10.23 63 7.37 399 .23
2 .44 S3903 95.95 43 1.84 11118 9.51 84 7.63 353 .21
3 .46 62259 92.5 44 1.91 10579 8.32 8T 7.90 27 ..8
4 .48 60613 88.15 45 1.57 100o3 8.17 86 8.18 299 .17 4 -

5 .49 58959 84.40 46 2.04 928, 7.55 87 8.46 258 .15 ..

6 .51 57275 80.75 47 2.12 8465 6.97 68 8.76 238 .13

7 .53 55621 77,21 48 2.19 8028 6.45 89 9.07 22", .12

.55 53969 73.77 49 2.27 7409 5.95 90 9.3? 194 .1,
9 .57 523,7 70.44 50 2-.3, 6865 3.49 91 9.72 169 .,
10 .59 50073 67.20 51 2.43 62o 5.C7 92 10.06 i47 .08

11 .61 49039 64.0' 52 .5 900 4.o :3 10.42 13. .97

12 .63 47415 oi.04 53 2.60 5a40 4.32 i4 i,.79 120 .00

3 .65 45805 5S.-1 54 2.70 54"), 3.96 95 11.17 115 .

14 .o7 4421J 55.27 55 2.79 482 3.62 96 11.5o 85 .05 ;k

15 .70 42637 52.5 56 2.89 4554 3.32 97 11.97 - .C4

16 .72 41056 49.90 57 2.9 42.8 3.04 I; 12.39 72 .04
17 .75 39556 47.36 58 3.10 385 2.77 9? 12.83 63 .3.

18 .77 38052 44.92 59 3.21 3502 2.54 100 13.2 0  5 .03,.., I0013.28 5 .3 ,".- '.

19 .30 3672 42.57 60 3.32 5124 2.32 10A 13.72 52 .

20 .83 311 40.3 61 3.44 3063 -13 1(2 1,A.23 4o .U2 ° ... .

11 .86 33o98 38.13 o2 3.So 2898 .9, 1o3 14.7, 47 .

22 .89 3236o 36.05 o3 3.68 24o4 1.7o io, 15.2o 41 .02 .. .

,1 .92 ; 7-D 34.05 64 3.81 2357 1.60 105 It.79 33 .0 .. ..

24 .5 29034 32.14 65 3.95 2093 1.46 106 ;6.35 30 .01

25 .9 27483 30.34 66 4.09 1954 1.33 107 16.9 2 .,1
26 1.02 26404 28.64 67 4.23 1811 1.21 108 17.52 25 .01

27 1.06 24670 27.01 68 4.38 1644 1.10 109 18.14 20 ., "
28 1.10 23o10 25.49 69 4.54 1547 .99 1!0 18.78 17 .01
29 1.13 22157 24.03 70 4.70 1404 -.90 111 19.44 15 .'0 ,' .
30 1.17 21095 22.66 71 4.86 1255 .81 112 20.13 13 .00 "

31 1.22 20168 21.35 72 5.03 1166 .73 113 20.64 10 ...

32 1.26 19127 20.11 73 5.21 106o .66 114 21.57 9 .00
33 1.30 18482 18.92 74 5.39 991 .60 i15 22.34 7 .00 ..

34 1.35 17615 17.78 75 5.5E 886 .53 116 23.1, 6 .00 * .-

35 1.40 16721 16.69 76 5.78 777 .48 117 23.94 4 ."-

36 1.45 16224 1!.66 77 5.98 702 .43 118 24.78 4 .00

37 1.50 15596 14.65 78 6.20 621 .39 119 25.66 2 •" .

39 1.55 15175 13.69 79 6.41 503 .35 120 26.56 2 .00

39 1.60 14436 12.75 30 6.64 523 .32 121 27.50 1 -

40 1.66 13565 11.86 81 6.87 439 .28 22 2&.47 1 .OC "'.'.

41 1.72 12583 11.01 82 7.12 4.4 .20 123 29.47 1 .00
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PSfTICE SIZE ANALYSIS BY LZONE METHOD

PARTICLE DATA LA8GRAid , LTD.

115 HAHN STREET - ELMHURST, IL. 6012,6

TELEFHONE: (3,2,832-5656

CLIENT: BATTE.LE COLUlJS LABS 20 DEC 85 :DATA

SAMFPE: ALUMINUdM DUST 1-9742 :JOB NtrBR

PARTICLE SIZE VS. VOLUME

ENCLOSING
LOW AT 1 .43 8189 HIGH AT 126 32.70 7449 "

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL VOLUVE FROM CHANNEL I To 126, AND S91P: 2

Z MAX SIZE 0 10 20 30 40 50 60 70 80 90 JC..

...... . ......... .... ....... .......... .

3.1 .43'---* •'.,:L
3.9 .48 -.

4.9 .53; ...... ------ r.r

6.7 .59-. - - - - -" . "'-.''.
7.6 .65 .------------- ---- .,.

11.3 .80 ------------ - -
13.7 .897-------- - .

15.9 .99 ------------------- --------------
19.0 1.10-- - - - - - - --.- --- -. -" - - - - -

7 I. 3.44------------------------------------------*

26.0 1. 35.; . . . . . . . . . . . ..- - -"-"--- •

33.7 3.81;--.------------ - ----------------------------------
37.7 1.66) - . . . . . . . . .-

38.7 1.84 ..---------------------------------------.

47.6 5.04, -. . .. . .- -V'." .- - -- - - ---------------

51.9 2.17> .-...... - --------------------------------------------------
56S 2. ; . . . . . . . . . . . . . . .- -' "- - -"

63.3 2.791, ------------- ---------------------------------------------------- *.-

68.8 3.12.-. -.. - ---- -- ---- - - - - - - - - - - - - - - --. ,.' .

2 3.44.;------------------------------------ --------------------------------------- f

78.5 3.81 - . . . . . . . . . . . . . . . . . . .-. -" - - - - - - - - - - - - - - - - - - -"

83.4 4.23,. . . . . . . . ..------------------------------------------------------------------------'
87.4 4 .70 , - . . . . . . . . . . . . . . . . . . . . . .- -' .- - - - - - - - - - ,-- - - - - - - - -

90.6 5.21: . . . . . . . . . . . . . . ..-----------------------------------------------------------------------.
90.2 5.78:; .. . . . . . . . . . . .. . . . . . . . . . .- - ----.-. '----.-.---- ---- ---- .----

89.3 6.41,; ------------------------------------------------------------------------------------- .

89.7 7.12. -. --. -.--.- .-- .-.-- .-.-- .-.--.-.--.-.-..-.-..-.-..-.-..-.- -"- - - - -

88. 7.90; 13.28>. . . . . . . . . . . . . . ..-------------------------- -------------------------------------- "
9 6 . 4 8 7 6 ; -. . . . -. . -. . -. . -. .-. . -. . . .- . .- . .- . .- . .- . .- . . . .- . .- . .- . .- . .- . .- . . ..-. .- -

93.5 9.72 --------------------------------------------------------------------------------------------

91.8 11.97) ------------------------------------------------------------------------- ft. -
8 2 .7 1 3 .2 8 ; -. . . . . . . . . . . . . . . . . . . . .- -- , _ - - - - - - - - - - - - - -.

72.5 18.14> ------------------------------- ,---------------------------------------- - - - - --. #

65.7 20.1 -?.. . . . . . . . ..--------------------------- - ,"------------------

47.1 22.34> ---------------------------------------------- ft . . "

36.0 24.78, - - - ---- - - ---..... - - - - - - - - -

18.9 27.50 -----------. --" -#"
6.1 30.51 ;.. .•,' .:

. . ...... ... . . . . .. ....... . ... ...... ... ... .. ... ....00.. ..... . ............ .
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PA- SCLE S A L i t t' I L7 3 ME - v

rA7'!2L £.ATA LID ::,e,00 .

,It nrlrm TnEET - ~L:.K AL. 60120 o6
TELEPHONE.: (31: ) 63-So~ "..

CLIEhT: BATTELL- COu~ilJS LA N DEC 35 :DATA ,

SAMPLE: ALUMINUM DUST I-'-74, :.C6 v

"TOTAL :h TABULATION= TOTAL COUT OR VOLUME IM ANAL3IS

TABULATI N

DAT. ID 9742 DATE 20 DEC .m'r

SIZE-MORmALIZLQ VOLuME DISTRIBUTiON-
,3TA . =17152215.. ,..

CHNi SIZE VOLUME Z CHNL SIZE VOLUME CmL SI LuE VOLU

1 .43 8189 100.00 43 1.84 101521 8;.C7 85 7. ,j 23949 4-.19

2 .44 8860 99... 44 1.;! 1 554 a. 9.18 25727 4.j. L4 .

3 .46 9576 99.o 4t 1.97 121 33 88.41 6' 8.4o -40147 39.34

4 .48 10347 99.64 46 2.04 124812 87.70 86 8.7o 252798 3Li.i,

5 .49 ':167 ?9.78 .7 2.12 126333 6.97 39 9.07 22 3o.43

.51 1-042 99.72 48 2.19 132940 86.23 9v 9.39 253946 34..

7 .53 1293 ?9.65 49 2.27 136:39 85.4o 91 9.72 244477 33.42

8 .55 13966 99.7 - 2.35 140010 84.oo 92 I1J. 6 23.J06 3J , -.I-

<, .57 150(21 99.4-" 51 2.4 1432 d)3 1. 2 -,022 3o,62

12 .59 ,t 3 9;.40 : 2 .52 ,4- 33.12 94 iO.79 2,750 ,

2 .61 17333 9j. 11 2.. 1 2 ...o C k1. 7 " . ..

1. .03 45.. .4 8. loo.c 81.1 o 11.So . :o,-. o 11- .,1,

13 .65 19',32 9. 1 .) ..77 .i. co.., 97 1, 24434

14 .67 2i341 98.<-
,  5 . r- . ,-., 96 1:.39 2Ao'b 23." .

15 .70 22 ,2 
9 3

.
3

Z -7 2.' 180135 3.25 ;9 12,33 1l>,, 2.4 " .

I .75 26V9 96.58 59 3. l 1099 7o..5 iOi 13.0. i7 .

13 .77 2-7341 9-.43 6C 3.3: 20637 75.09 1027 14.ZJ 210333 6./;

9 .90 
7  

98.27 ti 3.44 9232 73.E7 103 i.74 23-453 17.514
' .83 31044 9o1, 0 ,0,00, ,.2 l l.20 2JI0 10io ',mj

2 .9 33 33 97. o3 3.68 1;,037 71.5: 10o 15.79 203=52 14.81 %

2n .89 35635 97,22 6 .81 205.0 70.39 luo 16.35 26440L 13.39

23 .92 38(,6 g7.51 65 3.?5 20271 69.19 1u io.93 204542 1i.4.0

,4 .95 3964Y 97.2c 66 4.09 210312 3.Ol 103 17.52 211485 ,.71 ,."I-

25 .99 41644 9.05 67 4,23 21o137 66.78 109 18.14 190093 9.976-,611 18.78 174458 8.37 "

26 1.02 44393 96.81 68 4.38 217849 65.52, 1101

2 7 1.06 46022 96.55 69 4.54 227351 64.25 11 19.44 17101 7.85

28 1.10 49365 96.28 70 4.70 228991 62.92 112 20.13 172358 6.03

29 1.13 51"441 95.99 71 4.86 227110 61.59 113 20.8t 146800 5.82 %

30 1.1 53757 95.69 7: 5.03 234218 60.27 114 21.57 131621 4.f7

31 1.22 56185 95.37 73 5.21 237401 58.90 115 22.,4 .23410 4.20

32 1.2o wO0jU, 95.04 74 5.3- 244 57 57.5, 116 23.12 116994 3. ;

33 1.30 6-339 Y4.69 75 5.58 242986 56.09 117 23.94 .00777 2.60

34 1.35 68036 
94.3i 

7o 5.7c 236533 54.67 18 24.78 94442 2.21

.5 '.40 71o6: 93.QI 77 5.98 236853 53.n 119 25.06 72248 1.66
o 1.45 78 15 93.5, . O 232598 51.91 120 26.56 59687 l..

.7 1.50 82 J.04 , o.41 234120 50.55 121 27.03 49'15 .89 .',#

38 1.55 91558 92.52 80 t.-4 24i427 ,..19 122 28.47 3827 .. w

J9 1.60 9371 1.99 8i o.87 724938 47.78 1:3 29.47 24134 .38

4, 1.60. . , ... " .7'

41 1.72 100o31 90.8/ 83 7.37 25 416 45.10 125 31.59 10
9 9 8 .14 .

42 1.78 lu4134 90.0 4 7.o, 2467i1 43.63 126 32.70 744 ..4
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD

PARTICLE DATA LABORATORIES, LTD.

115 HAHN STREET - ELMHURST, IL. 60126

TELEPHONE: (312)832-5658

CLIENT: BATTELLE 16 JAN 85 :DATA S
SAMPLE: POLYCRYSTALLINE IRON 1-974 :JOB NUMBER

VOLUME (MASS) DISTRIBUTION FROM DISPLAY AREA: 4 -.

INDICES

VOLUME MODE = 70.19 MEDIAN = 66.67 MICRONS AND LARGER - .,

GEOMETRIC VOLUME MEAN = 59.57 +/- 35.71 ( 59.95%) SKEWNESS -.30

ARITHMETIC VOLUME MEAN = 65.02 +/- 23.02 ( 35.41%) SKEWNESS -.22

PERCENTILE: 00.1% OF VOLUME IS AT 123.46 MICRONS AND LARGER
PERCENTILE: 01.0% OF VOLUME IS AT 117.28 MICRONS AND LARGER
PERCENTILE: 06.0Z OF VOLUME IS AT 100.54 MICRONS AND LARGER
PERCENTILE: O2.0% OF VOLUME IS AT 81.87 MICRONS AND LARGER
PERCENTILE: 50.0% OF VOLUME IS AT 66.67 MICRONS AND LARGER ,
PERCENTILE: 78.0% OF VOLUME IS AT 50.27 MICRONS AND LARGER
PERCENTILE: 94.0% OF VOLUME IS AT 22.68 MICRONS AND LARGER
PERCENTILE: 99.0% OF VOLUME IS AT 11.05 MICFONS AND LARGER
PERCENTILE: 99.9% OF VOLUME IS AT 7.33 MICRONS AND LARGER . . ",..

",. .-. N -. -,'"I

COUNT (FREQUENCY) DISTRABUTION FROM DISPLAY AREA: 5

INDICES ,. - "

COUNTS MODE 6.96 MEDIAN = 11.94 MICRONS AND LARGER "

GEOMETRIC COUNTS MEAN = 14.01 +/- 12.37 ( 88.27%) SKEWNESS = .57

ARITHMETIC COUNTS MEAN = 17.92 4/- 16.00 ( 89.33%) SKEWNESS = .68 , "

PERCENTILE: 00.1% OF COUNTS IS AT 103.15 MICRONS AND LARGER ;
PERCENTILE: 01.0% OF COUNTS IS AT 77.78 MICRONS AND LARGER
PERCENTILE: 06.0% OF COUNTS IS AT 54.29 MICRONS AND LARGER - -

PERCENTILE: 22.0Z OF COUNTS IS AT 20.47 MICRONS AND LARGER
PERCENTILE: 50.0% OF COUNTS IS AT 11.94 MICRONS AND LARGER
PERCENTILE: 78.0% OF COUNTS IS AT 8.12 MICRONS AND LARGER
PERCENTILE: 94.0% OF COUNTS IS AT 7.14 MICRONS AND LARGER
PERCENTILE: 99.0Z OF COUNTS IS AT 6.79 MICRONS AND LARGER
PERCENTILE: 99.9% OF COUNTS IS AT 6.61 MICRONS AND LARGER

,,. .o" . ."
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PAPT:CLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATORIES, LTD.

S11H AHN STREET - ELMHURST, IL. 60126
TELEPHONE: (312)832-5658

CLIENT: BATTELLE 16 JAN 85 :DATA

SAfPLE: POLYCRM STALLINE IRON 1-974 :JOB NUMBER

PARTICLE SIZE VS. COUNTS

ENCLOSING

LOW AT 13 6.61 11 HIGH AT 124 114.31 1

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL COUNTS FROM CHANNEL 13 TO 124, AND SKIP: 2

I MAX SIZE 0 10 20 30 40 50 60 70 8o 90 100

74...... .............. ..... . ..... ......... ......

71.5 7.1:------------------------------------------------------------- *

62.1 7.72 --------- ---------------------------------------- * .".. . .-

53.1 8.33 ---------------------------------------- .

748.4 9.00 ". . .-.-.-.-.-.-- - -. - - - - - - - - -

43.0 9.72) ------------------------------------ a....
41.4 10.50 --- .----- - - - - - -- * - - - - - - - - -

37.5 11.34>. -------------------------------

35.9 12. 2-------------------------------.
"33.2 13.23;----------------U •

". 32.0 14.29k--------------* • . . . -

32.0 15.43 ----------------------- '

23.8 18.00; - - - - - - - - -

16.0 22.68; --------------- . ..-
,, 12.5 24.0----------- .. *. .... '. . .. ". . -.

12. 5 214.50; - - -' -"-"

11.3 26.46; ----------. ... _,. '"
9.4 28.58: - . . .- *.

7.4 30.87 , ------- ,.t'.

7.4 33.34; .. % ' .

'j 5, 36.01; ....---- %r
5.9 38.89 - - - %

[,7.0 42.00; --------. ',,"
7.4 45.36; - -

7.4 49.00: -----. . . . . . .

8.6 52.02 . - .- -. .. . . -..'.,.t'.,
8.6 57.16" --------- ''% -,'

1 90.73:-a8.4 1 .73. . .' ,
I. 66;........... I I IW

6.4 74.01; - - -* .. .

5.. ......... ......... ... ........... .

ZMAX SIZE 0 10 
.0 

30 40 0 . . .
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD

PARTICLE DATA LABORATORIES, LTD. . ,

115 HAHN STREET - ELMHURST, IL. 60126 '..

TELEPHONE: (312)832-5658

CLIENT: BATTELLE 16 JAN 85 :DATA

SAMPLE: POLYCRYSTALLINE IRON 1-974 :JOB NUMBER

"TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS

TABULATION

DATA ID 9742 DATE 16 JAN

SIZE-NORMALIZED COUNTS DISTRIBUTION

TOTAL 5829

CHNL SIZE COUNTS I > CHNL SIZE COUNTS I > CHNL SIZE COUNTS % _

13 6.61 11 100.00 51 17.55 69 28.67 89 46.54 20 8.23 . ..-

14 6.79 103 99.81 52 18.00 61 27.48 90 47.75 19 7.39. ". ..

15 6.96 200 98.04 53 18.47 61 26.44 91 49.00 19 7.57

16 7.14 183 94.61 54 18.95 62 25.39 92 50.27 19 7.24"

17 7.33 172 91.47 55 19.44 59 24.33 93 51.58 20 6,1-

18 7.52 166 88.52 56 19.95 55 23.31 94 52.92 22 6.57 '"' l

19 7.72 159 85.68 57 20.47 53 n.37 95 54.29 22 6-? I ..P

20 7.92 149 82.95 58 21.00 49 21.46 96 55.71 23 5.82 .-. .e.

21 8.12 143 80.39 59 21.55 44 20.62 9757.16 22 5.4-)

2 8.33 136 77.94 60 22.11 42 19.87 98 58.64 22 5.04 , .

23 8.55 139 75.60 61 22.68 41 19.15 99 60.17 23 4.67 .- ...0

24 8.77 137 73.22 62 23.27 40 18.44 100 61.73 22 4.'7

25 9.00 124 70.87 63 23.88 3S 17.76 101 63.34 24 3.89 ,

26 9.24 124 68.74 64 24.50 32 17.16 102 64.98 23 3.48

27 9.48 116 66.62 65 25.14 32 16.61 103 66.67 22 3.09

23 9.72 110 64.63 66 25.79 31 16.06 104 68.41 21 2.71

29 9.97 106 62.74 67 26.46 29 15.53 105 70.19 21 2-.35

30 10.23 106 60.92 68 27.15 22 15.03 106 72.01 17 1.99 0

31 10.50 106 59.10 69 27.85 24 14.65 107 73.88 17 1.70

32 10.77 106 57.28 70 28.58 24 14.24 108 75.81 12 1.41 -

33 11.05 99 55.46 71 29.32 20 13.83 109 77.78 13 1.20

34 11.34 96 53.77 72 30.08 20 13.48 110 79.80 9 .98

35 11.64 103 52.12 73 30.87 19 13.14 111 81.87 9 ,l 2

36 11.94 98 50.35 74 31.67 19 12.82 112 84.00 8 .67 ,

37 12.25 92 48.67 75 32.49 20 12.49 113 86.19 6 .53

38 12.57 97 47.09 76 33.34 19 12.15 114 88.43 6 .43 %

39 12.89 90 45.43 77 34.20 18 11.82 115 90.73 3 .33

40 13.23 85 43.88 78 35.09 17 11.51 116 93.09 3 .27 -

41 13.57 85 42.43 79 36.01 14 11.22 117 95.51 2 .2

42 13.93 87 40.97 80 36.94 19 10.98 118 97.99 3 .19

43 14.29 82 39.48 81 37.90 19 10.65 119 100.54 2 .14

44 14.66 80 38.07 82 38.89 15 10.33 120 103.15 2

45 15.04 77 36.70 83 39.90 18 10.07 121 105.84 1 .07

46 15.43 82 35.37 84 40.94 15 9.76 122 108.59 1 .05

47 15.83 77 33.97 85 42.00 18 9.50 123 111.41 1 .03 . -

48 16.25 0 32.65 86 43.09 18 9.20 124 114.31 1 .02

49 16.67 74 31.27 87 44.21 19 8.89 •

50 17.10 78 30.01 88 45.36 19 8.56 . .

DISPLAY AREA: 4
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD

PARTICLE DATA LABORATORIES, LTD.

115 HAHN STREET - ELMHURST, IL. 60126 ,,.
TELEPHONE: (312)832-558

%.*v

CLIENT: BATTELLE 16 JAN 85 :DATA
SAMPLE: POLYCRYSTALLINE IRON 1-974 :JOB NUMBER '

PARTICLE SIZE VS. VOLUME 
' " "?"r

ENCLOSING ..

LOW AT 12 6.45 158 HIGH AT 127 123.46 422374

GRAPH OF DIAMETER SIZES VS. DIFFERENTIAL VOLUME FROM CHANNEL 12 TO 127, AND SKIP: 2

ZMAX SIZE0 10 20 30 40 50 60 70 80 90 1(0 .. ... . . . ...................... .. '

.0..9 71 -

1.0 7.72> . , .." .'

1.1 8.33- --*.• . ... -., -

1.2 9.00- --*.. .- -.. "

.4 9.72>-*. • .

1.9 2.934>----.
2.3 122> -*- . . ,

.7 1.7--- - - - - --- .-
3.2 14.29.> *'" "
4 0 1 . ... <? ;
4.6 16.67- -'- -- - - - -- -

4.7 18.00) -----.
f.8 19.441 - -,.'j

6.0%

6.4 22.68) - - -,... ]

6.4 24.50)----------------- .. "
7.0 26.46',. . ,,

7.7 28.8; .... ... -------

7.3 30.87\ - - -
.-..e,

935 33.34) -----------
9.3 36.00> . . .- .- -',

12., 38..... ...... .."--

17.j 42.00 - -. -. - - - - -

213.6 45.36 " 10--0 3040----60-70-80-9
29.1 49.00) - - - - - - - -
44.3 52 X9 " --- --- --- --- --- --- --- --- --------.--- "--

68 .2 61.731 -------------------------------.. ... ... .. ... ... .. - --- --- --- --- --- --- --- --- --

84 .77 77 .011 ................................ ................................. . ..................---
84.9 77.78) . . . . . . . . . . . . . . . . . . . . . .-> "- - - - - - - - - - - - - - -

62 .4 84.00> ......... ......... ......... ......... ......... ......... ..------ ,--.-----

33 2 90.73) . . . . . . . . .- - - -"--?-'-- - - -- '-

44.0 97.99 ------------------ --- - - -- - - - -- --- --

17.7 10i.W -- - t - - ',,',

16.5 114.31 ---- ---- ---
J-0 113.46> - - ...

Z A SZ I 030 40 510 60 70 80 90 10(.l- .'...
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD 0
PARTICLE DATA LABORATORIES, LTD.

115 HAHN STREET - ELMHURST, IL. 60126

TELEPHONE: (312)832-5658"

CLIENT: BATTELLE 16 JAN 85 :DATA
SAMPLE: POLYCRYSTALLINE IRON 1-974 :JOB NUMBER

"TOTAL IN TABULATION= TOTAL COUNT OR VOLUME IN ANALYSIS

TABULATION

DATA ID 9742 DATE 16 JAN
SIZE-NORMALIZED VOLUME DISTRIBUTIN.
TOTAL 1.96491E 8 .- - --

ChtL SIZE VOLUME z CHNL SIZE VOLUME Z I' CHNL SIZE VOLUME . - "

12 6.45 158 100.00 51 17.55 419491 96.62 90 47.75 2306296 80.53 ..

13 6.61 3746 100.00 52 18.00 398158 96.40 91 49.00 2444812 79.'<5 " ..

14 6.79 36351 100.00 53 18.47 434977 96.20 92 50.27 2690365 78.11 "
15 6.96 76006 99.98 54 18.95 472471 95.98 93 51.58 3040279 76.74

16 7.14 75441 99.94 55 19.44 485790 95.74 94 52.92 3719572 75.19
17 7.33 76306 99.90 56 19.95 498215 95.49 95 54.29 4017356 73. 0
18 7.52 79245 99.86 57 20.47 512878 95.24 96 55.71 4440681 71.25 "--.. -

19 7.72 82167 99.82 58 21.00 506719 94.98 97 57.16 4722977 68.'9.
20 7.92 83101 99.78 59 21.55 500207 94.72 98 58.64 51,,j637 66.59 " '
21 8.12 86391 99.74 60 22.11 516949 94.47 99 60.17 5637621 63.?7
22 8.33 88994 99.70 61 22.68 537742 94.20 100 61.73 5719936 61.11
23 8.55 97957 99.65 62 23.27 570907 93.93 101 63.34 6975007 58.19
24 8.77 103946 99.60 63 23.88 549881 93.64 102 64.98 7049134 54.64

25 9.00 101971 99.55 64 24.50 533361 93.36 103 66.67 7264768 51.16

26 9.24 109980 99.50 65 25.14 566721 93.09 104 68.41 7720841 47.36 .

27 9.48 111277 99.44 66 25.79 598639 92.80 105 70.19 8000001 43.43
28 9.72 114060 99.38 67 26.46 588447 92.49 106 72.01 7102756 39.36
29 9.97 118910 99.32 68 27.15 502170 92.19 107 73.88 7748969 35.74 S
30 10.23 128220 99.26 69 27.85 588983 91.94 108 75.81 6064701 31.80
31 10.50 138713 99.20 70 28.58 6,4J291 91.64 10? 77.78 7122354 28. 1"
32 10.77 149081 99.13 71 29.32 563493 91.31 110 79.80 5181430 25.09
33 11.05 151218 99.05 72 30.08 613945 91.02 111 81.87 5703879 22..5 .

34 11.34 157890 98.98 73 30.87 611203 90.71 112 84.00 5230638 19.55 .. .
35 11.64 181652 98.90 74 31.67 678818 90.40 113 86.19 3891803 16.87 S

36 11.94 187854 98.80 75 32.49 753343 90.06 114 88.43 4067797 14.91
37 12.25 190280 98.71 76 33.34 799125 89.67 115 90.73 2782526 12.34

38 12.57 217191 98.61 77 34.20 776793 89.26 116 93.09 2736873 11.42 I
39 12.89 216923 98.50 78 35.09 788135 88.87 117 95.51 2220879 10.03
40 13.23 223392 98.39 79 36.01 778009 88.47 118 97.99 3690279 8.90
41 13.57 241278 98.28 80 36.94 1038013 88.07 119 100.54 2790004 7.,2
42 13.93 266950 98.15 81 37.90 1174503 87.54 120 103.15 2152411 5.60 7 , 1
43 14.29 267155 98.02 82 38.89 1037891 86.95 121 105.84 1482549 4.0. '

44 14.66 282364 97.88 83 39.90 1270449 86.42 122 108.59 2008676 3.75
45 15.04 296963 97.74 84 40.94 1183824 85.77 123 111.41 1779255 2.13 .

46 15.43 339478 97.59 85 42.00 1467485 85.17 124 114.31 1386911 1.82 "

47 15.83 34641" 97.41 86 43.09 1553536 84.42 125 117.28 796070 1.12 •

48 16.25 382557 97.24 87 44.21 1830508 83.63 126 120.33 974384 .71

49 16.67 388666 97.04 88 45.36 1977060 82.70 127 123.46 422374 .71
50 17.10 445283 96.84 89 46.54 2293516 81.69

Ap-..d..%I•
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F4RTcLLE DATA LABORATORIES. 'JD.

115 OAHN -_3'- - ELMlufs, AL. O-'
TEE :C,;' ,3.,2 832-5o58 ..-.

CLIENT: BATTELLE COLUMBUS L AK 19 DEC 85 "DATP,

SAMFLE' FkAZS DUST 1-9742 :j3B NUMBER * €

VOLUME iMASSJ DISTRIhuTIOn FROM DISPLAY AREA: 4

INDICES

VOLUME MODE = 11.07 MEDIAN = 7.50 MICRONS AND LARER %

GEOMETRIC VOLUME MEAN 6.09 ,-- 8.5o (140.43%) SKEwNESS = -.58

ARITHMETIC VOLUME MEAN = 8.20 ,/- 5.39 ( 65.72%) SKEWNESS -.53

PERCENTILE: 00.1% OF VOLUME IS AT 25.22 MICRONS AND LARGER

PE EIE 3F 0LUZi IS A, 22.A tM CRUNS ANDB LAKGER

,PERCENTILE: 06.0% OF VOLUME IS AT 17.83 MICRONS AND LARGER,

,EFENTLE: 22.0% OF VOLUmE IS AT 1 MICRONS AND LARGER

PERCENTILE: 50.0% OF VOLUME IS AT 7.50 MICRONS AND LARGER -, .

P CETLE: 78C % OF VCLUME IS AT 3.29 MICRONi Ah LA,-R "
PERCENTILE: 94.0% OF VOL&IE IS AT 1.16 MiCRON3 AND LARG"--

P :CENTiLEI 99.0. OF VOLUME IS AT .49 MiC,Ri ,S AND LARGER

PE'F-:.TJIL : 99.9% OF VOLUME iS AT .2S M4iCRCLIN ASD LA;,

CC,.T (FEuECy) DISTRA.T,_,J, F;:. DISr'LAI AREA: 5

COuNTS mDE= .4 MEDiAN = .41 MICRONS AND LARGER

GEC: ,C CiurS PE r, .47 +/- .36 ( 77.15%) SKEwNESS = .62

A -"ETC COUTS MEAN .55 +I- .62 (10Z.30A,) SkEWNESS .,"

PE;CENTILE: 00.1Z OF COONTS IS AT 7.50 MICRONS AND LARGER

:'ERCENTILE: 01.0% )F CDJNTS IS AT 2.89 MICRONS AND LARGER

PE,,.E,,T AE: 3.0% 6F COUNTS IS AT 1.33 MiCRONS AND LARGER

,E;CEhrILE: 22.07. OF COUNTS IS AT .69 MICRONS AND LARGLR

,V-iNTIE: tJ,9% OF COUNTS IS AT .41 MICRONS AND LARER

PEF;EN TILE: 78.0Z O LOUNTS 1S AT .i MI2RONS AND LARGER

PKEN LE: 94,0'. OF COUNTS IS AT .26 MICRONS AND LARGER L
'E;:EN'ILE: 99.,7. OF C2uNTj IS AT .24 MICRNS AND LAGR

rb, TkK .E: , OF COUNTS IS A: .24 Pi2RONS AND LA0-E,'

.% .N
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PARTICLE SIZE ANALYSIS BY ELZONE METHOD
PARTICLE DATA LABORATGOIES, LTD. '-

115 HAN STREET - ELMHURST, IL. 60126

TELEPHONE: (312) 832-5658

CLIENT: BATTELLE COLUMBUS LADS 19 DEC 85 :DATA

SAMPLE: BRASS DUST 1-9742 :JO NUmBERA
PARTICLE SIZE VS. COUNTS
ENCLOSING
LOW AT 1 .24 65535 HIGH AT 106 23.12 1

6 W % .%

GRAFH OF DMAMETER SIZES VS. DLFFEREiNTIAL COUNTS :ROM CnANnEL 1 TO 106, AND SKIF: 2

% MAX SIZE 0 10 20 30 40 50 60 70 80 90 100
.. . . . .. . .I .. . . . ; I................................................ ,

*100.0 .24) ------------------------------------------------------------ - ------------------

79.3 .32) .------------------------------------------------------------------------- I.

79.6 .36 --- ..--.- ----.-.--.. . ..--- --- -- ------- -- . .

60.7 .41)------- - .---.-------------------------------- ------ - ---- - --. . .

52.4 .47> -.- .-.-.-.-.-.-.-. . . .. ...-.- - -.-.-.-.- - - - -,
44.9 .53 ---------------- ------ ------------------- * . .

38.1I .6l 1 .1 . . . . . . . . . . . . . . . ..- -.-.-.-.-.- -,,.- - -

32. 69 -----------------------. . . . . . . . .
26.8 .79'> - . .. .. - - - - -..-- -

22.2 1 1----------------
17.? 1.02> -- -. . . . . . . ... -,.-- -

14.7 1. 16 .... . . . . . . ...... " -
11.2 .33.> - - '-"- -

8.4 1.51.' .. .. ..-- .. .....- ,---

6.3 1.72 .... .......... ............
4.7 1.96.> ...--.. ......--- ' -
3.7 2.23"""'"'

2. 2.540---* ....... ''-'.

2.0 2.891 * ... ....
1.5 3.29'%:-0 ....... v ,,

.6 4.80.;",'. . . ... ", %.-

•.5 5.54>-* ........... .

A n4 6.ed30 .x
.3 7. 1a,-*..
.2 8.18>*. ........ ., .."
•.2 9.31" ....... % -.-
.1 10. > W.......", ..<
.1 12.07>/* ........ "-
. 0 13.75>* . ....... ' J

.0 15.66>* ........ T i

.0 20.30'* ........ '."-

•........ . . .. . . . . . .... . . . . ...........

MAX SIZE 0 10 20 30 40 so 60 70 so 9 100

Appendix A 67 /...



PARTICLE SIZE ANALYSIS BY ELZONE ETMO0

PA3ICLE DATA LABATO0. S, LTi.,

115 MAHN STREET - ELMHURST, IL. 0i6"

TELEPHrCIliE: 1312)832-5658

CLIENT. BATTELLE COLUhBLS LABS 19 DEC 85 :DATA
SAFLE: bRASS DUSI 1-9742 :,03 '4bER

'TOTAL IN TABULATION= TCTL COUT OR VOLUME IN ANALYSIS

TABULATION

DATA 1D 9742 DATE 19 DEC

S-ZE-nORMALIZED COUNTS DISTRIUTI-:i

TOTAL = 1294903

CHiNL SIZE COUNTS 1 ChfL SIZE COUNTS Z CMNL S!ZE COUNTS

1 .24 65535 100.00 37 1.16 966i . 7 .5, 330 .

2 .26 63144 i4.94 38 1.22 8830 7.51 74 5.78 26 .23
3 .27 60862 h.Uo 39 1.27 8098 6.82 75 o.04 283 .. "
4 .28 5851 85.36 40 1.33 736 o.20 76 o.30 2c5 ." Nl
5 .29 56302 80.8 41 1.38 6724 5.63 77 6.J8 -40 .-
6 .30 54111 76.49 42 1.45 6034 5.11 78 6.67 216 .!, ,r
7 .32 51942 72.32 43 1.51 5490 4.0. 79 7.16 199 .13 1
8 .33 49785 68.30 44 1.,8 4951 4.22 8( 7.50 179 .-.
9 .35 47669 64.,o 45 1.65 4540 3.84 81 71.,3 162 .

10 .3o 45644 60.78 4o 1.72 4112 3.49 62 8.16 143 .0-11 36 43627 r- .'.5'.,.
11 .36 43627 57 .2 47 1.79 37"5 3.17 83 8.54 132
12 .39 41668 53.88 48 1.87 3385 2.88 84 8.92 115 .7
13 .41 39771 50.b7 49 1.9b 3076 2.62 b$ 9..h lv6 .
14 .43 37907 47.59 50 2.04 2871 2.38 86 9.22 92 .05
15 .45 36104 44.67 5i 2 .3 211 2.16 87 10.15 a3 ..'4
16 .47 34330 41.68 52 2.43 2400 1.96 36 10.60 .71 .04
17 .4 32o52 39.23 53 2.33 2132 1.77 89 11.07 64 .

3o.70 54 2.43 19 0 1.61 90 11.5 6 .02
19 .53 29413 34.21 55 2.54 175; 1.46 i 12.01 4o ,02
20 .56 27877 32.04 56 2.65 1593 1.32 92 12.oi 4> .02
21 .53 26399 29.8' 57 2.?7 143; 1.20 93 12.17 30

. .
23930 27. 5 58 2.89 i297 1.09 94 13.75 30 .ui23 .o 2367 n -.'.- ...,

,3 2.92 59 3.0: :171 .99 95 14."6 24 -
.0 - 0 24.0 6) 3.15 1047 .90 96 4.9; 21 .01
.6 ,)24 22.38 61 3.29 9o1 .62 ?7 ., 16 .,

2 .72 !96:3 20.75 62 3.44 876 .7- 98 1o.35 13 .0
27 .75 1805b i7.22 63 3.5; 79 .67 99 1?.; 1,
bi .79 ;75l4 17.76 64 3.75 714 .61 10 17.83 9 .00

.l7 i437 1i.43 65 3.91 659 .56 101 18.62 6 ,
j, .'o 72 i5.13 60 4.09 J95 .5; 102 19.44 4 .00 %

31 .vj 145,/ 13.9 67 4.27 550 .46 103 20.3h 4 UViZ .Is 13601 12.64 68 4 .4 o 503 .42 104 2,.1.20 3 .O.
3 8 :265J 11.79 69 4.65 469 .38 105 22.14 1 .00

34 1.02 i1704 10.81 70 4.86 418 .34 106 23.12
35 1.07 1:033 9.90 71 5.08 385 .31
36 1.11 10365 9.01 72 5.30 357

5:.)FLAY A~
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PARTICLE SIZE ANALYS:S 
BY ELZ O,, nET h00

A;kTICLE DATA LABOfqATORIES, LTD.,-
115 mArh STREET - ELmhutiST, It.. 60126,,v-,

TEL.EPHONE: (312)631-5658,_.w"-

CLIENT: BATTELLE COLUMBUS LABS 19 DEC 85 :DATA
SAMPLE: BRASS DL,ST 1-9742 :,OB NuMBER

PARTICLE SIZE VS. VOLUME
EIICLOS7 NG
LOw AT 1 .24 72C HIGH AT 109 26.33 955

GRAPH OF DIAMETER SIZES VS. DIFFEr.ENTIAL VOLuME FROM CmANNE.. 1 TO 109, AND SKIP: 2

Z KA). siZE 0 10 20 30 40 60 70 80 90 100

1.1 24 -.
1.4 .2K, - - -- - -f . . . . ...

1.9 .34>--*- -- - . . . . . . . .

Z.5 -ft. . ..36.
3 .2 .4 1 > ---- -- -- -. . . . . . . . .. .-.-. "
4.0 .47'" - ..... ra .

5.0 .53> ------.. . . . . .-.-.. . . . . . . . . . . .
6.4 .61.> .. . * .... ,, .,,

8 .0 .6 > .. -.. ....-- ---------f t . . . .

64.0 .54.>-------------- ------------- - -t

14.3 1.02,: - -. .. . . . . . . .

17.4 1.1. >------------------ -

97. 9.1---------------- -------------- - - - - - - - f
97.5 10.60>----------------------------------------------f

23.9 i.72> - -*- -. .-.-.-.. .-,. -.

26.4 1.96; ----------------------------
30.4 2.23. ---------- -. . . . . .. -"-----

32.9 2.54.> ------------------ --------------35.8 2.89?: - -..... - - - - -" - - -

3. 3.9> ----------- --------------------------- . . . . . . . .
43.0 3.75 > .. . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . ..-.- ,,,-.-,,,

36.8 420.0> --------- --------------------------- . . . . . . . .

5 5 .0 4 .8 6 > - - - -. ,- - -,-
w'64.0 5.54." ....................................................--- .........--
S75. 7 6.30>5 . . . . . . . . . . . . . . . . . . . .- - -.

84.4 7.18> -................ ................... ...... .......... .. .... ............... ......--.-•-------

89.7 8. 18)" .. . . . . . . . . . . . . . . . . . . . . . .-• - - - - - - - - - - - - - - - - - - - -
97.7 9. 3 ............................ .......................... .........................................-----------

97.5 10.60"5 .. . . . . . . . . . . .. . . . . . . . . . . .- -,, -

88.4 13.75, . . . . . . . . . . .. . . . . . . . ... - - -"" - - - - ---- -- - - - -

,,.72.9 15.66 -..................................... ................................ ...---

53.6 17.83; - -. - .- .-.-.-.-.-.-.-.-.-. . ..- - -.-.-.-.---.-.-.- ,
.,. ~~36.8 20. 30 ...... ..... ...... ..... ...... ....---. . ..--------.-
" ~~13.8 23.12; --- ...- - . . .... ... -,. -

1.5 26. 33,-*..... , . .

• . •• , . . . . .• ... .•... .. I .. ! .. .... . . ... .. .• • . .. . .. . .

% MAX SIZE 0 10 20 30 40 50 60 70 80 50 100 .- -
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*~ 'ATiCLE SIZE A ALISiz BI ELZONE nETHC1

PAkTlLL6 DATA LABOFATOIES, LTD.

115 mArH STREET - ELMnr :3T, IL. 6 ; %.l

CL:ENT: BATTEL.E CLLUnEUE LABS 1? DEC 85 :DATA

SAIMPLE: BASS DUST 1-9742 :,jOM NUmBER

"TOTAL lh TABOLATiHN. TOTAL COuT OR CU'LJM, IN ANAfSIS

TABULATION

DATA ID 9742 DATE 19 DEC

TOT 1 .AL ZE VOLUME DISTR 1 I u I ZEiu ;% HN I E v LTOTAL = 2626877 , .-

[HtL S:ZE VOLuhE X CHNL SIZE VOLUME CHNL SIZE VOLUME 7

I .2 720 100.0O 38 1.22, 116833 93.95 75 6.04 466451 60.48
2 26 790 99.97 39 1.27 12410 '73.49 76 6.3, 49620 56.71"3 2. 99 0 .33 12804 93.02 77 6.56 51258.m' 56.2 ,-/.

%867 99.94 40 3 66
4 .88 94 99.91 41 1.38 13366 92.53 78 6.87 52581 54.7

,29 1040 99.87 42 145 1359 92.03 79 7.18 55308 52.87

6 .30 1136 99.63 43 i.5i 1i5i( 9..51 80 7.5O 56354 50.76
124 99.79 Ai I.5S i;532 90.97 8 7.83 S82,50 46.6

.23 1353 99.74 45 1.65 15177 90.41 62 6,16 567 46.4 "
9 .35 1480 99.69 46 :.i2 1,o,3 8.8 63 8.4 62115 44.16

o 1oi4 ?1.64 47 1.79 163 2 8.24 6b 8.12 607/4 41.8(l ""
ii .36 1757 95.57 46 1.67 16705 63.62 65 9.3a 64007 39.'3 . [..
1 .3 i 9ii 97,5 4? 1.96 17301 67.%18 66 9.72 63495 37.0.
13 .41 270,7 7 . 50 2.04 16335 37. 10.15 64Y25 '4.:7
14 7 2255 935 213 19337 36.62 S !:1.60 6382 32.
15 .45 25 ; .27 52 2.23 ? 85.90 89 11.07 6553f 27. 3

2o5 .8 53 2.33 20155 65.i- 90 1.56 64332 Z7.23
." .49 268 99.06 5, 2.43 0992 34.37 91 12.07 61746 24.76
18 .5 31.j1 98.97 55 2.54 21569 83.58 92 12.61 63444 22.41
19 .53 3351 9a.?5 56 2.65 22244 82.70 93 13.17 60775 2v.(,u
20 .5b 3617 98.72 57 2.77 22881 81.91 94 13.75 57965 17.68
21 .13 3900 98.58 58 2.89 23478 81.04 95 14.36 54005 15.46

,61 4202 98.43 59 3.02 24222 80.14 96 14.99 507 1.42
23 .63 4523 98.27 60 3.15 24588 79.22 97 15.66 477 - 11.48
24 .66 4863 98.10 61 3.29 25697 78.26 98 16.35 4294, 9.66
25 .6 5,223 97.92 62 3.44 26690 77.31 99 17.07 39515 8.03
26 .72 5606 97.72 03 3.59 27373 70.29 100 17.83 35096 c,.52
27 .75 6011 97.50 t4 3.75 28171 7r.2 101 18.62 300 5.19-'
28 .79 6438 97.28 65 3.91 2?612 74.18 102 19.44 27606 3.97
29 .82 6839 97.03 66 4.0? 30492 73.05 103 20.30 24,20 2. 2 ..
30 .86 735 ?.77 67 4.27 3210,1 1.8r9 104 21.22 19188 2.00
31 .90 786o 96,49 68 4.46 33369 70.67 105 22.14 13955 1.27
32 .94 8393 96.19 69 4.65 25496 69.40 106 23.12 9031 .74
33 .99 8 6' 9 .87 70 4.2o 36,)07 68.04 107 24.15 600
34 1.0, 9305 95.53 71 5.08 37762 66.67 108 25.22 3134 .16
35 1.07 10054 95.17 72 5.30 39816 65.23 1? 2.33 9"5"

36 1.11 10757 9;.7 ; 3 ' 419o2 63.72
S94.Ap 74 2n9d1 2.12
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% %

IMAGE ANALYSIS .

ON

GRAPHITE FIBERS

DISTRIBUTIONS ON FREQUENCY AND MASS BASIS FOR: .

LONGEST DIMENSION

BREADTH

ELONGATION RATIO L/D 0

EQUIVALENT CIRCULAR DIAMETER -% -

* ..' .*-*.

% . "

*% -4
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DISTISL'TION LONG DI EN
W FEUF E: 03443 -V4 F IELL,0 oo': * Uits ae6 l:. T6i0C-O:tt P..%

!IEM Irl + 10. E 5 -I it s a-

TOTAL .:?=_-..9 MFi> + '09.:5
TiE An( +53;:. 97T FEY / '. T

M,1F4, . . 4 LOW ' 004,2 HIGH 0" 6 , (10

I.-..vl

DIFFERENTIAL FREQUENCY DISTRIBUTION

40

c La

0 . %" i.'

C I aM
0 1, a a. + 0 9 +

...., ., ,. ,- 060 ...9

1 - ! + 19. 5 3 0 I1 1 ., +9.0
5 + a a a -5 8 1:1: -7"-.

ti 1. . . If. 0.1-,.

* E .1 a +4 S L M - a ana5 a a a) a+a5*

) 0 +--4.51 - I . 0 0 0 +40 " ,.

11 + +116.41111u11 a
15 ' 116. 4? -

3 +145. 52 - + "19.596 00"02 +2.7 '" ,

14 +- Ii Cc. IP + . 91) - .i27 3- 1')(,004 +5.9 -

+444

II+ ".1 14. (O I? + . . -p

1' +4 4 (1

14 1 0 -n . 0 00( 10 +. -

,]x' ti C' 'I"- .j4 63E. 0'0795 + . 8

4 ' _..1~ 1 +.c
4  41' 00:,'&9 .

- 4  .4...-..'..

- r+''6- ''''a:':
-a * 8.4. t ~ 6') '."', t '9

9 4 cAppen5dix'' A4 72., .
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.-,,,. .

IDISTRIBUTION LONG DIMEM * Units are in micrometers SFEIRTLIFE'- 1,144" UnitsI ar in icomtes0w ,r.E .-'1 CM F I, ELD 0, o. )t";"C
P .iN 'E +7 Cd8 M IN + 10.5 . -

TOTAL +8 :5".. Mt :. +8 0Q.35
MEFIll +5::. 97 rEV +8L.37 P, .-

MrDlI RN +115.16 LOW.' 00452 HIGH UO0, C I

DIFFERENTIAL WEIGHT DISTRIBUTION

41-1

N V.'¢.P

.4 %

30 - I

0

.20

10-~..~

%

e,.. * *-

* U .. a a a aw g *.! -

1 3 4 56 78 9 01 2 3 4 5 789 0

%

A p
6!

LnCLASS IF'ORATION

~j

l c J C :LA CLRA': LIMITS COUNT WT PEPCEr1T

1u +10.00 - +1E2.50 00092 4.
0+1.50 - +15.63 00079 +4.6

4 V1+15.3 - 19.53 00040 +2.9 '".

4 +19.53 - +24.41 00025 +.
5 +24.41 - + 30.52, 00027 + -. 0
6 +30.5. - +38.15 00023. ..

0. 3.5- +47.68 00023 +4.0 -

4 41 8 +4-.68 - +5.u 00025 +5.5
+~ 5 .9. E.:' - +74.51 00022 +6.1

i~ %i

10 +74.51 - +93.13 000)(18 +6 -.%
+93.13 116.42 60017 +..3 . .

12 +145.52 00019 +10.3
13 +145.52 +181.91) 001)(1 +8.1
14 +181.9: +271. 37 000)04 +.,
15 +22.3 +284.22 0 000 U5 +5.3S
16 E +84.22 +355.27 ,001
17 +-:55.27 - +444.09 00004 *6.E

1 +444. 6, +5s. 11 1:(1101 +Z. u+1.o- +3.5o ooo'' .5.1

-%+155.11 - 1 .C00 0 + . ''''.

+69. 5: - +434 O00'o, +t.4 4%

0
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[ll.TRI1TIOl EFERPTH
FEaITUrE: (,046 FIELtiDc s .0 * Units are in nlcrometers~ ~ I ,; Ni.A: ] +5.92 N
TOT iL +4 74-: 5t" M,:-: +: .

MEF1rI + I. EV +4.14

M- I IN LOWa 0' 4'2 HIGH 0 " '0a

DIFFERENTIAL FREQUENCY DISTRIBUTION

4:' - - *4 0

a I

0 "

I a. I I I I

w20 
r % ~~'

I I I - -- - - -

a a a I I a I * " "%

* I I' I I III ! I2"''"

2 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

CLASS INFORMATION

CLFII:: CLRF7 LIMITZ COUNT PERCENT
-J

- , 1 5. 0 - +5.50 00000 000.0
4- 2 +5.5: - .. 05 0,,09. 519.7

< : *. 1:5 - 6. 65 00000 0-00 u. 0

4 61.; - +7.32 00061 +13.0
5 ? 7. 2 - +.. 05 (j0 (k 6 . 0
6 +8.(15 - +8.86. 01)044 +9.4

g A, +8.E. - +9.74 00066 +14.1
-49~.74 - +10.72 00066~e +14.1u ) a +10.72 - +11.79 0(,000 000.0

10 +11.79 - +12.97 00045 +9.6 .

11 +12.97 - +14.27 001043 +9.2
12 +14.27 - +.15.69 0014 +2.9
13 +15.69 - +17.26 00004 +.8
14 +17.26 - +18.99 00016 +3.4
15 .18.99 - 2~0.89 00003 *.6
16 .20.89 - 92.97 00006 +1.2 -

17 .2:2.97 - +5.27 OO.i):- . 4 .t-..-. '
2,5. 27 - +27.i:i ': .l4 1'-1 1j4

|1 + 2Z.: - +31'. ,• (ll(l+ /'

2 " +30.5 - +33.64 0 02 +. 4 . -.

Appendix A.- 7
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*'DISTRIBUTION BR'EADTH
FEITUr Ef'_ 1"147 FIELDf60060 * Units are in micrometers ." "
tf'iGE +2E.. (I-: MIH +5.92

TDTFIL -474-.- MF'. -eI..,
MEfIri +I1. DE'V +4.14

LOlW ,'i432 HIGH ',' 6 ,.

I.
% 

%

% % 
,

DIFFERENIIAL WEIGHT DISTRIBUTION

~~~~30 - .. .,, ,
;.; "~': -

,2. -

- - - -- .-- - - -.- ,- -

I ! o ! ! ! a%%',.

CLS IOMTN

1u t I I I |I

• o • . * . a a=
a 5. 0000

a. a a. . a a. a a. . . ... " . "

+,; +6.C)f.1100111! 11.11

I 2 3 4 5 k 7 8 9 0 1 2 3 4 5 6 7 9 0

+8"oo ° 8L +.1

dl -CL:S:: CLAC_' LIMITS COUtiT WT PE&CET . _r.

A. - +1.79 (u 00000 000.0
a - +b.5 0009 +11.2

1 +2.9': - +14.2 65 01431 000.40

4 .. 65 - +7.32 06061 +9.0
5 +7.3k - +8.05 1'1) 00'.3 . . ..

14 +7-. - Eq. 5- 00046 +6.1

18 +9.74 - +20.72 O00,6 +14.3
,- 49+I '.7 . - +11.7c. ,0'::' 000:.':

UQ 1(0 .II.7 - .12.97 u 0(1'15 +11.811 +12.97 - +14.2?' 00':143 +12.4 :' "

12 +14.2?7 - +15.69 00014 +4.4 .. ~% .

I- 1 . - + I 7. 2 b 0 :114 + 1.3 ,.. . ,

14 +17.26 - +18.99 00(16 +6.1 I *

15 +18.99 - + eL. 9 O00(13 1.2,-% ",.w"

17. + Ii
. 9  

- +22.97 O00I,"+I.
. __, - 7. .2 0, 12 +1. (I

+#

Appendx.. ".
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" r',TP0'I:TI ON EC CIF A I
FEfiTOFE: - - F I EL : I I1 ,I

F AtE 1 +I. Mlt4 N 5.11 * Units are i:, mUcrcmeters
TOTIeL -.. E7C

"
.
-

. A7 M'IF . .. . -_'W -6

MEHI4 1. ' D L.' +I I', I Il

c, ,# in ,

DIFFERENTIAL FREQUENCY DISTRIBUTION 
,

4(-

f,,. c. .. ,.

2 4..S.4..

4L4

• - L'. CLA " LIM,"_ OUT EPEN

a. 00 +6 (i*

1. a,, 0"1U - 22!*!' W

--

() f +6.

I C +Q7O.I4 0T+ 1i

4 .1 a- ..fl +p4U(,J " cLA:: CLA : LIMIT: COlUNT nPEF'CEIT , ",'

,u +3.-50

+7 S.. ( - .6. 5 '145 .:.6

1 " 4 "* 7 - +1 .P *.7 
.  

1-:. ,' ,.

15..61 - * 7. '"'".5 4

*1 - 1:..07 ('( ... *t-
... I~~ I - *c~ .II4 • ,. -'-% %

* . .a -*.'-: P4 - *e9.C (.0 0114? '.7.6

-4 ¢n E 10 -* 37. - +6. 57 (0(C01 *4.
10 :- +46.57 c>'. "I 00 "i .6 &''w,

1 *;,A.., 1 - .7 . 76 00':,:!8-',i-

. .7 . 76 - *9.95 o,,)0 ',.t e .".

*i " 4 '. 11I - +1" .,. "' 0'.' z -
'

17 . 177. e4 - + .1=,:. 4 c':.,, ".,.U
l.-: *. ' . . 4 - ."77. 5.. (i; ". ., 1 .1 (,* =-
T- *. "T..e- *4. .'.4 ,,,, .... ,,,, , ..l,'

".-..,. ~
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9' . J -• %

%
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PARTICLE SIZE ANALYSIS AND SILICA DETERMINATIONS,,-w

The following is a description of the methods and procedures used to

determine the particle size distribution of the test materials by either ,w€.

the Elzone analysis method or by image analysis.

Also included is the Standard Operating Procedure for silica determination.
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PARTICLE DATA LABORATORIES, LTD.

115 Hahn Street • Elmhurst, Illinois 60126 * (372) 832-5658 *. "\,\

17 January 86 P

Battelle Memorial Institute . *%

Columbus Laboratory
505 King Avenue
Columbus Ohio
43201

Attn: Dr. Michael Placke

Subject: Elzone Analysis of Particulate Matter
I

PDL Project: 1-9742

Dear Dr. Placke, %...

We have completed the Elzone analysis of the two difficult samp-
les that you have recently submitted. As we have discussed, the
Polycrystalline Iron sample had been dispersed in pure honey and
then analyzed in a 4% pyrophosphate solution. A dilute suspen-
sion was used so that a reagglomeration would not occur due to
magnetic forces.

We are happy with the results of the analysis because the data
indicates that a bimodal situation does exist in the sample. --

Microscope examination reveals that is in fact the case. The
sample is composed mainly of long interwoven iron fibers and the
subpopulation consists of non fiber like residue extending down
to submicron sizes.

We analyzed the Crocidolite down to 0.78 microns directly and then
called a standard output. Following the reporting of that data, we
instructed the computer to extrapolate the remainder of the distri-
bution based upon the available information and assuming that the
data was based upon a log-normal populaton. A second standard output -

was called and we have included that for your consideration. -

If you have any questions concerning the data or the techniques used
to generate the information, please do not hesitate to contact us at
Particle Data Labs.

Sincelely, S

Richard Karuhn % %

Director .

. %S... ,

Appedix 90_.- ._." "-"-0
-, .%-",* ' ,,
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PARTICLE DATA LABORATORIES, LTD. .

115 Hahn Street 0 Emnhurst, Illnols 60126 (312) 832-5658

June 2, 1987

Battelle Memorial Institute %
Columbus Laboratories
?05 King Avenue
Columbus, Ohio
43201

ATTN: Dr. Michael Placke

Subject: Sample Preparation Procedures Used for Samples Furnished
Under PDL Project 1-9742.

Gentlemen: I

On January 17, 1986, Particle Data Laboratories reported the results
of particle size data obtained from several samples using the computer- %

ized Elzone analyzer and our Bausch and Lomb Omnicon 5000 Image Analysis .
System. We have now been requested to furnish the sample preparation
procedures for these samples on both instruments.

ELZONE ANALYZER

Al" samples were suspended in a 4% by weight sodium pyrophosphate
solution prefiltered through a 0.45 micron Gelman filter capsule.
Each sample was wetted in an appropriate surfactant prior to ultrasonic ,
treatment in a standard laboratory ultrasonic unit. Following the
deagglomeration step, a portion of the suspension was removed for
microscopic evaluation. The purpose of this step was to determine the
size of the largest particle present in the sample so 9 detection
aperture )f ippropriat- size could be pliced on the analytical unit.

The inalysis is !wtys s ir t -d fr m thr, ihrce ,nd K h sample !nd the
fine end )f -h. Jiributi n :s Af*.rmind by n- the size of

the det-cti,)n orifice ;Br th, Flz-nt, uni . The IndiviJuil rrts ,f the
di stribut I n ar then rnaur r bl-nlod nt n ,_-nt" nuus curv,- *nd

" .n t hJ., .i s r'.: : 'ir l ? p i " , .,- ?

W:% 1,
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PARTICLE DATA LABORATORIES, LTD.

SURFACTANTS AND DETECTION APERTURES -V..

---- -- -

SAMPLE I.D. SURFACTANT DETECTION ORIFICE DIAMETER (microns) *%. '.

--

ALUMINUM DUST TWEEN 20 120, 76, 24

MICRO 260
GRAPHITE LOMAR PW 76, 24

DIXON KS-2 m
NATURAL GRAPHITE LOMAR PW 76, 24

BRASS DUST TWEEN 20 76, 24 4

CARBON BLACK LOMAR PW 240, 76, 24 ,
D

IMAGE ANALYSIS *' N

The sample prep required for image analysis is considerably easier than
a standard Elzone run because the samples can be dispersed in glycerine
or an oil of higher refractive index than the sample. Once the
dispersion on the microscope slide is complete, then the technician must
dilute the concentration so that particles do not touch each other. If
this were to happen then the analyzer would size the particles as one
and a biased analysis would result.

Following the dispersion and dilution step, the image analyzer is
programed to automatically step through a "search" pattern, focus and
process the image in the field of view. Following the collection of
image data, report generation is automatically conducted by the svster
from internal routines. We simply instruct the instrument which shap,.
parameters we want printed.

CONCLUS ION

The above information was compiled from data retained in our or --.ct
file 1-9742. If there is any additional information that you ne,".-
concerning this project, please do not hesitate to contact us it
Particle Data Laboratories.

S
Sincerely,

Richard Karuhn
Di rector
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BASIC ELECTROZONE TECHNOLOGY

AND

EXPLANATION OF REPORT '.-..

The electric sensing zone analytical technique has developed -

rapidly over the past twenty years. In this technique, part-
icles suspened in a conductive fluid, flow serially through an
orifice under a differential pressure. Electrodes are immersed
on each side of the orifice as shown in Figure 1. As each par-
ticle passes through the aperture, it replaces its own volume
of electrolyte within the aperture, momentarily changing the
resistance value between the electrodes. This change produces -

a voltage pulse of short duration having a magnitude propor-
tional to particle volume. The resulting series of pulses is 0
electronically amplified, scaled and counted. Raw data pro-
cessing is performed by a PDP-1103 minicomputer in such a
manner that a population histogram of 128 or 256 channels of
information can be acquired. Acquired data is conditioned by
applying calibration, extrapolation, volume (weight) or area
conversions. Normalization of size and quantity axes to the 0
types of scales required by the researcher is also possible.

.he conductive particle suspension medium is an important con-
sideration in Electrozone teclrnologv. Typically, aquesous
isotonic saline (0.9% by weight) or a 4% by weight sodium pyrophos- %
zn" atk is used as a dispersing and particle suspension medium. S

For certain analyses which caninot be run ir an aqueous media,
- we Liht, volume lithium in soprv' alcohol isrofctxv<e. """
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PARTICLE DATA LABORATORIES, LTD.
Figure hIA is a cross section of the orifice shown in Figure 1.
In this configuration, no particle is shown in the orifice.
Since a constant current is established in the conductive liquid
and through the sapphire orifice, a constant voltage potential
is represented as the product of the current (I) an Resistance (R).

F-

0

E=E=

E=P TTA 11B

,L'iure Il:B is the same cjfi except with particle in
the orifice or Sensinr~ >7 almost all particles act
as inSu-Ators, 'rne --- ,>I '~stance increases in the orifice.
'-nAler t- cc;:r-n anj "I ncreased resistance

r, -r'O d "I ~ to 01-I's Law.
S-7ce tn in abo0ut 2,- micro seconds,
a ''r -l~ i' Je of a ~ voltage

Pulse i pr'he particle-.
p~ ulse while a

~a' e i e e m ay "be irregular
i. -1S- ; - ,t nce tne volume
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PARTICLE DATA LABORATORIES, LTD.
There are two classic methods of fine particle size analysis: &

1. Frequency Distribution (Microscope Counting)

2. Mass Distribution (Sieves of Andreason sedimentation)

In the first method, the number of particles of a specific size
are tabulated by the microscopist. He scans a microscope slide
while randomly searching for a particle in the prepared slide.
When one is located, it is sized using an eyepiece micrometer
and counted as a frequency of occurrence. Soon a frequency dis-
tribution is established for the sample of interest. The micro-
scopist can now calculate the relative percent of particles
within a given size interval or he can sum the data and report J

the percentage greater than an indicated size. Table I is a
brief example of this piecedure. Following the statistical
treatment, he can plot the data to locate the geometric median
diameter and then derive other statistical parameters.

Table I

Example of Frequency Distribution Data

(m) d N Cumulative
Particle Size Mid Frequency of Cumulative Frequency

Interval Occuance Fequen >Indicated%
0N'

1.0 - 1.4 1.2 10 100 100

1.4 - 2.0 1.7 15 90 90

.2.0 - 2.8 2.4 50 75 75

2.8 - 4.0 3.2 15 25 25

4.0 - 5.6 4.8 10 10 10

What this data indicates is that 100% of the data measured is
greater than or equal to 1.0 microns. Ninety percent is greater
that 1.4 microns diameter. This information when plotted on
log-probability paper will yield a straight line if the distri-
bution is truly log normal (most sample are). Once that data is
plotted many statistical parameters are available to the analyst
from standard formulas.

The second method of analysis is performed by a standard
sieving technique. In this method, a known weight of dry
sample is passed through nested precision sieves and the weight
percent retained on each sieve size is calculated. Data is
handled as above in Table I except data is expressed on a
weight basis.

Since the Elzone technique determines the volume of individual
particles, we can convert frequency data directly into mass or
into area. It is part of the job of the technologist to deter-
mine which data format is appropriate to his application.

Vipv
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PARTICLE DATA LABORATORIES, LTD.
The Elzone data report is broken down as follows:

Page Description S

1 Frequency and Volume (Mass) Statistics .

2 Plot of Differential Frequency Distribution

3 Tabulation of Channel Number, Diameter and
Count (Number of particles at that size)

4 Plot of Differential Mass Distribution

5 Tabulation of Channel Number, Diameter and
mass (relative units at that size) S

Each page will be described below:

Page 1 

The top section of this page is devoted to the volume (mass) *
statistics. The definitions of the terms used are as follows:

Volume Mode - The diameter size in microns of a spherical
particle that contains the largest total mass .
value. It is always the peak of a distribution
curve. 4-

Volume Median -

That point in the distribution curve that splits -'

the data into two equal areas. One half is
larger and one half is smaller than the indicated ,
size on a mass basis.

Geometric Volume Mean -

The size of an average particle calculated on a
log basis. r- _ .^

Arithmetic Volume Mean -

The size of an average particle calculated on an 0
arithmetic scale.

+/-XXX - One sigma inAterval of standard deviation

(XX.XXX) - Coefficient of variation. This is the
Standard Deviation divided by the Mean
mulitplied by 100 to yield percentage.

" .. i.%*

Skewness This term denotes symmetry. If the curve
is perfectly gaussian, geometric skewness
will be 0.00. If the curve is biased
towards the fines, skewness will be negative.

Appendix A 96 -
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PARTICLE DATA LABORATORIES, LTD. 0

115 Hahn Street Elmhurst, Illinois 60126 * (312) 832-5658 Ow

THE IMAGE ANALYZER EXPLANATION SHEET -

The following explanation concerns the sample you have submitted or -

might want to submit for analysis by the Bausch and Lomb OMNICON 5000
Image Analyzer. It also, concerns how Particle Data Laboratories may
best serve you in the field of image analysis. %

The purpose of the image analyzer is to derive quantitative information -

from optical images automaticallly with the assistance of a computer.
Besides counting and sizing to specifications of width, length, area
and ten other measurement parameters, the image analyzer quantifies
shape into factors of circularity and sphericity.%

The Basis of Imaging and the Capabilities of the Image Analyzer

The interface between the optical image and the computer is a precision

scanner which operates like a video camera to transform the micro- -

scopic image into electronic impulses. The image is displayed onto a
black and white CRT monitor from which the analysis is conducted. Our
image consists of various grey levels (object features) relative to a
fixed background level. Therefore, the features in the image are defin-
ed by specific light level changes. The projected image is made up of
picture points, the distance, of which, is precisely known through a
calibration routine in any of four different magnification ranges.

Data is generated from a specific feature by summing the number of %
picture points in the entire feature or summing the linear distances
oetween the picture points, (pixles). Variations on these two concepts 6
allow the technology to develop the sixteen different shape neasurements
programmed into the instrument.

A single image or a portion of all the images present on the CrT Cdn be
anayzed. These may be a group of dispersed particles, the space between
specific features or inclusions within specific features. The seven
page insert describes in some detail each type of measurement used and/or
available for our clients.

The O.-l'ICON 5U00 has a program moie that incori oritos automati,: stil-
movement and focus. The desired information is ac Cnulat-d fr Dm :7uli!! 1
fields of analysis with a report generated fr,) :-ir> f ,el if Jesir-d.
Usually, a single report is gkenerited from the tota I.CCtumLlati. t
oasep A..
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PARTICLE DATA LABORATORIES, LTD.
For Plotting on Log Probability Paper - ,

This data is presented at 0.77 sigma intervals
across a normal curve. It expresses the percent
of mass at or greater than the indicated size
from a cumulative curve. 

4

The bottom of this page is just like the top except that it6Fi
expresses the statistics on a frequency (count) basis.

Remember that the frequency basis will always be smaller than
mass basis because the mass data rises as a function of the diameter
cubed. It takes one million one micron diameter particles by count
to equal the same mass as a single one hundred micron diameter
particle.

Page 2

This page is a plot of the frequency distribution as a function
of size. Each plus (+) represents a specific number of particles
at a given size. The size scale is a log scale because a Gaussian
curve plotted on a arithmetic scale would be skewed towards the
larger sizes. Typically, data is plotted on a log scale.

Page 3. .

This is the "Tabulation" page by frequency (count). The number
after "Total =" represents the number of particles counted in
a particular analysis. This number is usually modified by some L
factor so that the graph routine will be represented as a full
scale plot. The tabulation informs the client how may particles
(count) he could expect to find at any indicated micron size if
he had counted the number of particles indicated under "Total
In Tabulation". .

Page 4

This page is a plot of the mass (volume) distribution mathema- ,..-

tically derived from the count (frequency) distribution. It
reveals the distribution of mass as a function of particle size. '
Usually, this data is more relevant as to a particular industrial
process. __

Page 5

The last page in your report is a tabulation of data in a mass
(volume) format. It is exactly like the count tabulation except
that it informs us of the relative mass (grams, micrograms, pounds
or tons) of material at each micron size if you had a pile of
material weighing the same as that figure displayed under "Total ".

Appendix A 97
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PARTICLE DATA LABORATORIES, LTD.

'.- .,.*

Once the data has been accumulated, it can be presented in any of three
different formats: Linear, Logarithmic, or an Arbitrary Classification .. .,
In a linear distribution, the classes are all of the same size. Linear
scales usually have between 8 and 25 class intervals. A log scale
gives a better picture of the data when a large percentage of the
features are either very small or very large. Arbitrary Classification
distributions show in detail the way the measurements are distributed %
when they are clustered in a few classes on a linear scale. Following
the selection of an output scale, the data can then be printed in each N-•q
of the different measurement formats.

The ability of the analyzer to present data on several different formats "
requires us to obtain a very clear definition of the analytical problem
from the client. It is usually necessary for us to ask many questions
about samples requiring analysis by this technique.

An Explanation of the Computer Generated Output

A typical report is composed of three sections:

1. Statistics

2. Data Histogram

3. Class Information (Limits, Count, Percent)

A statistical summary indicating the type of distribution presented 4
appears at the top of the page followed by a bar graph and a table of
results. The statistical summary consists of 10 items which are listed
below:

FEATURES: the total number images processed by the computer 2KKI
FIELDS: the total number of microscopic fields of view evaluated

RA:iGE: tihe difference between the largest and the smallest
feature measurement

AI14: the smallest feature measurement detected S

A"-'::: the largest feature neasurenent detected

TjAL: the sum of the products of the ml-points of the (lass
sizes and 'count"

Appendix A 99
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PARTICLE DATA LABORATORIES, LTD. A

MEAN: the TOTAL divided by the number of features

DEV: the standard deviation

HIGH: the total number of features detected greater than
the upper ananalytical bound of the analysis

LOW: the total number of features detected greater than the
lower analytical bound but not necessarily considered
in the statistical data.

MDIAA: one half of the data is to the left of this size and
one half of the data is to the right of this indicated -,

size

All distribution data is plotted as a histogram on either a differential .1 WP
or cumulative basis. The x-axis is the number of classes specified

oy the operator and the y-axis is the percentage of features whiose
Measurcments fall in each (lass.

The third section of the report is simply a tabulation of the selected
class numoers, class interval sizes, feature count and percent on a
differential or cumulative basis.

if there are any questions concerning this report format, please do
not hesitate to contact us at Particle Data Laboratories.

A.. -, l.A

• . % .'.
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II. 5000 Overview 3-2. W

In all of the diagrams below, the shaded area illustrates the measurement.

%

3.1. AREA MEASURD(ENTS

AREA is the area excluding holes, i.e. the area of
a feature less the area of any holes, voids, or
inclusions.

AREA gives the area of a cell less the area of the
nucleus, or the area of a phase in a metal specimen
less the area of the inclusions, and other similar

AA - AREA area measurements. 4

. .*J

AREA FILLED is the area with holes filled, i.e.
the area of a feature with the holes filled in.

AREA FILLED eliminates the effect of highlights
in measuring the area of a convex reflecting
object, and other similar holes which should not
be measured.

AF - AREA FILLED

, " .*1

.. . .

PERCENT AREA is the percentage of the field area
occupied by detected features.

4AL ' r- --

%A - PERCENT AREA
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II. 5000 Qverview 3-3.

3.2. PERIMETER MEASUREMENTS

PERIMETER is the length of all the feature .-.;.
boundaries, including the interior boundaries.

PERIMETER gives the extent of coast line in an
aerial photograph, or the dimensions of a cell
vall, and other similar measurements.

PR - PER34ETER % 
"

P a + b,- I

HOLE PERIMETER is the perimeter of holes, i e.£':.
the perimeter of all the holes vrithin a feature. , ''

HOLE PERIMLETER gives the measurement of boundaries ' "
of cell nuclei or inclusions, and other holes. .--

PH -HOLE PERIMETER ,

PH-,

CONVEX PERIETER is frequenrly called the rubberband or taut string measuremen around a feature.It iste gives the minimum convex hull that

~~~~can circumscribe a feature. .-'.'

.%5 %'..

II
CONVEX PERIETER eliminates the complexity of

~ a~ feature boundary.

00~.

ilk, 'FWB ERME.E
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II. 5000 Overview 3-'4. Z

3.3. LINEAR AND COORDINATE MEASUREMENTS ." .
" 

a"

. Nf'p %-

LONGEST DIMENSION is the maximum Feret measurement 
WA NP

of a feature, based on eight Feret measurements, %///IL ~~one every 22 '." '- .

LONGEST DIMENSION measures lengths of inclusions .... ,

in rolled steel, maximum lengths of particles

in parenteral fluids, and other such lengths.
, 

~~. #' .

LD - LONGEST DDIENSION
-- 'V.'..-

_a..._'

BREADTH is the minimum Feret measurement of a feature,
based on 16 Feret measurements, one every i1 . ..

BREADTH measures width, such as the width of fibers
or printed lines or printed circuit boards.

BR - BREADTH

PROJECTED LENGTH is the tangent-to-tangent distance

perpendicular to the scan lines on the leading " ""
edge of the feature and on the leading edges of
any inclusions, or the sum of the distances between
all scan line intercepts on the leading edge of

the feature and any inclusions.

PROJECTED LENGTH gives three dimensional measurements..

-. . .... .from a two dimensional sample. Such measurements

* are called stereological.

PROJECTED LENGTH shows microstructures of materials
like metals.

PL - PROJECTED LENGTH •

FL - a + b + c ,-.. "
Appendix A 103
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II. 50Q0 Overview 3-5.

o%
DIRECTED DIAMETER is Feret's diameter, the tangent-to-•tangent distance at a specified point. The Point N'%"N
is specified as an angle from a perpendicular dropped V

from the top of the monitor and called 0 ..
Counterclockwise is the positive direction. %

DD The term diameter does not refer to any circle.

DIRECTED DIAMETER is useful in sizing particles.

DD - DIRECTED DIAMETER 1
DD ( 45) ,"'-

A Directed Diameter of 45*

-. INTERCEPT LENGTH is given as a list of values.
Each represents the length of an individual AL-- scan line chord in a feature.

.! . .......L . .... " "

ILg

IL - INTERCEPT LENGTH

MAXIMUM CHORD is the length of the maximum
continuous horizontal intercept. ,.-,

.. .

MC - MAXI)M CHORD . ".
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11. 5000 Overview 3-6. \

X COORDINATE is the horizontal position of t..e

center of the Feret's box of a feature, taken
from the beginning of the video scan at the

~ ~* - left of the monitor screen.

X COORDINATE shows position and spatial distribution.

XC- X COORDINATE -d

r-777TUS "f%*4LAS

Y COORDINATE is the vertical position
of the center of Feret's box of a feature, taken
from the beginning of the video scan at the top

'' of the monitor screen.

Y COORDINATE shows position and spatial distribution.'~

YC -Y COORDINATE

Sk A

PL KMEAN INTERCEPT LENGTH is used with t-he grain size
tables of the American Society for Testing MYaterials,

't ASTM. It is also used to determine the mean
free path, i.e. the average distance between
features.

MI - MEAN INTERCEPT LENGTH
Appendix A '
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S

3.4. SH{.AYE FAC7 OF S

CIRCJ.kARTY is a shape factor which depends on
the LONGEST DL-IENSION of a feature and i s
rel ative to the area of a ci~rcle.
CIXRC'LARITY is I for a circle, and its range is i -. O.

CR - CIRCULARITY .. e
°

CR - f(L.D) 2  / 4(A )
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II. 5000 Overview 3-8.

AGGLOMERATE REJECT is a shape factor which

depends on boundary indentation or roughness of

a feature.

The range is 1 for a circle toA4.V ~~/,,;.---
.',/ When the AGGLOMERATE REJECT for a feature is larger than 1. V

the feature is suspected to be an agglomerate.

RO - AGGLOMERATE REJECT

RO -PR/CP

ELONGATION RATIO is a shape factor which depends

on the LONGEST DDiENSION and BREADTH, but is
insensitive to roughness.

The range is 1 for a circle too.-

Ideally no ELONGATION RATIO is less than 1, -.~but for very small features it can be as 
% "-

small as 0.8.
EL - ELONGATION RATIO

EL -LD/BR

SPHERICITY is a shape factor depending on .,,-
0 /PERIMETER and AREA. ...

The range is 1 for a circle to zero.

SP -SPHERICITY 
. .

Appendix A ]"
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D-85-0 1
June 5, 1987 .

STAN9ARD orPEIAUNG PROCEDURE
QUANTIFICATION OF Si9 2 IN COMPLEX MATRIX

SAMPLES BY ICP OPTICA; EMISSION SPECTROSCOPY

Record all weights and data in -e a oL) cr,, record book. All chemicals

must be reagent grade or bette-.

1. SAMPLE PREPARATICi-

A. Prepare standa-dn in . spiking a 0.1 g aliquot of matrix
or simulated rat-i,( r-* ne:a irr SiO 2 so that the final
concentration c' SC, 7 'n 'he expected range of samples.

B. Mix samples ( , -,"ked standards with 2g Na2SO3 and
Ig Na2B407. F -e ' .. 0es e;..,. standards in platinum crucibles
or equivalert by i a 771"-e furnace at 1000oC for 30
minutes.

C. Leach the fused '... , , ::,.irc; with 25 ml of 20% HCl.

D. Dilute the leached sd,,, nd standards to 100 ml with 20% HCl.

E. Prepare a matr7.x "t j v re. ti a 0.1 g aliquot of unspiked matrix
material as ln steps'; thru J above.

2. SAMPLE ANALYSIS

Determine the Si conten: of tn l -a7::ies and standards by ICP and express
i n ppm... ..-

3. CALCULATIONS -

A. Convert ppm Si to nc S, 2 using ,he fc!'owing equation:

mg Si0 2  p 2.1".10 '." ."?\

where 2.139 - -.-. :
at,': wt. -:.

B. Calculate " Si < C, : --

% Si0 2

C. Determine re. . c,: <ta'za-7s as follows:

% Recovery - . .

Pige of 2
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D-85-0 1
June 5, 1987

N

APPROVALS:

C. Faber Date
Researcher

M.:.Oag h[ Dat~e
Chemistry Discipline Leader
Toxicology &Health SecsSection

G.L. Fisher, Ph.D. Date
Acting Manager
Toxicology & Health Sciences Section

G.L. Fisher,- Ph.D. Dt
Vice President __
Toxicology & Pharmacoiogy Department

Ramona A. Mayer, Manager-' Date
Qudlity Assurance Unit

Senior Vice President
bio~cog1cdj Chemical Scene
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APPENDIX B"-.-'"

INCIDENCE AND SEVERITY SUMMARIES OF MICROSCOPIC .',,'
FINDINGS FROM RANGE-FINDING AND DEFINITIVE STUQIES
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KEY TO TEST ARTICLES

1 - Media Control

2 - Glass Beads

3 - Asbestos

4 - Iron Whiskers

5 - Graphite Fibers

6 - Aluminum Oust

7 - KS-2 Graphite

8 - Micro-260 Graphite ps,

9 - Printex-L - Carbon Black

10 - Nickel Coated Graphite

11 -Brass Oust

% %
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100 UG/ML LEVEL .;.,.

PERCENT MUCOSAL LESION - INDIVIDUAL EXPL.ONFS * p. i
lFST PERCENT TEST PERCENT TEST PERCENT

ARTICLE LESION ARTICLE LESION ARTICLE LES7ON

1 0.0 4 0.0 9 .0

1 0.0 4 0.0 9 0.0
1 22.6 4 0.0 9 34.5
1 0.0 4 0.0 9 21.1 A
1 3.5 4 0.0 9 0.0
1 10.9 4 0.0 9 7.7
1 23.6 4 0.0 9 12.4
1 10.5 4 0,.0 9 15.1
1 6.1 9 19.6
1 0.0 6 0.0 9 24.3
1 0.0 6 9.0 9 2.1
1 17.4 6 14 9 34.3
1 0.0 6 14.1 9 6.6
i 14.6 6 18.1 %
1 41.5 6 2.7 1 Q 0.0

6 39 10 0.0
2 0.0 6 21.1 io 9.8
2 16 6 43.3 10 37.9
2 0.0 6 0.0 10 67.2
2 0.0 6 0.0 10 74
2 11.2 6 28.8 10 41.3
2 15.5 6 29.3 10 32.3
2 27 10 14.5
2 0.0 7 36.8 10 20.9 ,
2 0.0 7 15.3 10 33.3
2 21.3 7 63.9 10 40.2
2 0.0 7 0.0 10 85.1
2 0.0 7 0.0
2 8.9 7 26.4 11 58.3
2 0.0 7 0.0 11 57.7

7 0.0 11 0.0
3 30.5 7 0.0 11 47.5
3 31.2 7 22.2 11 0.0 ""
3 46.5 7 0.0 11 25.6
3 40 7 20.2 11 0.0
3 4.3 7 0.0 11 51.5 /
3 26.5 7 8.1 11 0.0
3 0.0 7 0.0 11 43.2
3 0.0 11 0.0
3 29 8 41.1 11 0.0
3 36.6 8 0.0 11 0.0 "- ",.
3 11.3 8 37.6 11 46.1
3 58.6 8 1.2
3 94 8 0.0
3 0.0 8 10.5
3 5.2 8 0.0

8 33
8 12.6
8 0.0
8 0.0
3 0.0
8 0.0
8 19.3
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Onk*
1 MG/ML LEVEL

PERCENT MUCOSAL LESION INDIVIDUAL EXPLANTS

TEST PERCENT TEST PERCENT TEST PERCENT TES T  PERCENT
ARTICLE LESION ARTICLE LESION ARTICLE LESION ARTICLE LESION
1 0.0 4 50.6 7 14.5 10 0.0
1 0.0 4 12.5 7 17.4 10 0.0
1 22.6 4 16.4 7 68.1 10 0.0 .-.
1 0.0 4 13 7 25.5 10 0.0
1 3.5 4 38.1 7 20.6 10 0.0
1 10.9 4 65.8 7 71.3 10 36.7
1 23.6 4 10.9 7 0.0 10 61.4
1 10.5 4 16.1 7 0.0 10 65.3
1 6.1 4 12.6 7 85.6 10 45.4
1 0.0 4 23.6 7 0.0 10 0.0
1 0.0 4 73.9 7 0.0 10 0.0
1 17.4 4 41.5 7 34.8 10 0.0
1 0.0 4 35.2 7 24.1 10 0.0
1 14.6 4 15.7 7 8.2 10 0.0
1 4 1 .5 7 1 6 .3 1 1 0 .0

5 43.4 11 0.0 " ' %

2 0.0 5 0.0 8 0.0 11 0.0 .A. ,
2 28.6 5 34.8 8 0.0 11 0.0
2 5.2 5 70.3 8 32.7 11 0.0 4,- %
2 0.0 5 19.9 8 30.6 11 0.0
2 22.7 5 68.7 8 0.0 11 0.0
2 0.0 5 0.0 8 19.2 11 0.0
2 29.5 5 0.0 8 0.0 11 0.0
2 0.0 5 8.5 8 0.0 11 0.0
2 7.1 5 0.0 8 35.3 11 0.0
2 47 5 0.0 8 16.7 11 0.0
2 0.0 5 19 8 33.8 11 0.0 .
2 17.8 5 22.5 8 8.1 11 0.0
2 0.0 5 51.8 8 46 11 0.0
2 8.1 8 56.3
2 0.0 6 35.5 8 36.3

6 44.1
3 0.0 6 0.0 9 11.3
3 74.2 6 25.6 9 0.0
3 0.0 6 34.7 9 7.2
3 21.6 6 0.0 9 20.3
3 25 6 80.8 9 26
3 37.8 6 65.2 9 16.8
3 33 6 48.5 9 0.0
3 24.9 6 54.7 9 44.8
3 0.0 6 28.9 9 39.4
3 78.5 6 81.4 9 41 •
3 29 6 0.0 9 0.0
3 48.1 9 33.7 .--

3 13.8 9 41.4
3 43.6 9 35.7
3 50.6
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PERCENT MUCOS,,i [^_OQ - I!Q IV Ei,;,L EXL;N T,"

TEST PERCENT rEST PERCENT TFST PECENT.
ARTICLE LESION ARTICLE LESION ARTTILE LESIOr

1 0.0 4 0.0 7 0.0 ON
1 0.0 4 54.6 1 0.0
1 22.6 4 29.5 7 31.9
1 0.0 4 18.3 7 0.0
I 3. 4 0.0 7 23.4
1 10.9 4 33.6 7 0.0
1 23.6 4 6 21.5
1 10.5 4 14.3 7 0.0 '" %

1 6.1 4 15.5 7 5.3
0.0 4 2J i 0.0

1 0.0 4 30.3 7 17.9
1 17.4 4 23.5 ''
1 0.0 4 I.: 0 .
1 14.6 4 9.5 7 21.3
1 41.5 4 3 2 7 0.0

2 54.8 5 0.0 8 0.0
2 37.1 5 0.0 8 0.0 , %..''
2 66.7 5 0.0 8 27,8
2 0.0 5 50.7 8 0.0
2 8.2 5 44.2 8 0.0
2 0.0 5 10.3 8 31.8
2 48.8 5 33.7 8 13
2 0.0 5 0.0 8 33.1
2 0.0 5 56.8 8 27.8
2 46.9 5 25 8 0.0
2 50.3 5 31.2 8 32
2 6.0 5 0.0 8 0.0
2 54.6 5 30.8 8 0.0
2 68.1 8 3.7

6 37.5 8 0.0
3 41.2 6 15.1 "1
3 14.7 6 17.5 9 10.1
3 0.0 6 19.3 9 0.0
3 30.4 6 0.0 9 0.0
3 15.8 6 0.0 9 0.0 . '
3 63.8 6 14.3 9 30
3 34.7 6 13.8 9 0.0
3 15 6 6.3 9 0.0
3 53.7 6 12.9 1 0.0 0.
3 30 6 9.9 9 36.?
3 74.9 6 27.4 9 18.3
3 50.1 6 51.2 9 0.0
3 15.5 6 0.0 40.6
3 6.8 6 51- 9 0.0
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* . ,
STATISTICAL SUMM.RY OF HITOr,1ORvpOMr.ETRIC ANALYSIS . %-%

OF MICROSCOPIC LESIONiS T 17 O 1,1L LEVEL

MATERIAL MEAN N STANDARD SIGNIFICANCE
DEVIATION NONPARAMETRIC

1 10.05 15 12.16 3,10 -" ' ,"

2 7.14 i4 9.49 3,10,11
3 27.58 15 26.16 1,2,4,7,8
4 0.00 8 0.00 3,6,10,11
6 16.88 13 14.82 4,10
7 12.86 15 18.62 3,10 "'-
8 11.09 14 15.47 3,10
9 13.71 13 12.44 10

10 35.12 13 27.17 1,2,4,6,7,8,9o

11 23. 6 14 25.58 2,4

* SIGNIFICANCE DETERMINED VIA NON-PARAMETRIC ANOVA AT THE 0.05 LEVEL

** KEY TO MATERIALS
I=MEDIA CONTROL, 2=GLASS BEAbS, 3=ASBESTOS, 4=IRON WHISKERS, 6=AL-DUST,
7=KS-2 GRAPHITE, 8=MICRO-260 GRAPHITE 9=PRINTEX L CARBON BLACK,
1O=NI GRAPHITE, 11=BRASS DUST

%, , P.,

% _% -
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A" ,., .,. C- .- ... , -.,

"," .
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STATISTICAL SUMMARY OF HISTOMORP"OME ,>.\L',.

OF MICROSCOPIC LESIONS A 1 MG ',IL J F

MATERIAL MEAN N STANDARD 'G 1 F rCf'-E
DEVIATION PAR TP I..

1 10.05 15 12.16 3,4 6
2 11.07 15 14.72 3,4,6
3 32.01 15 2 40 11

30.42 2 2 1,211
5 24.21 14 .2.6 I
6 38.42 13 28.08 1,2,8, 1,1"7 25 .7F5 1 5D ) , /8 u

8 21.00 15 19 .C,,: 6, 11
9 2 2. 69 14 1 . 11
1 0 1 4 .9 1 1 4 2 5 .3 1 7 , ..,: .
11 0.00 14 0. 00 ,4 5, 6 3, "'"

?
I
. '

SIGNIFICANCE DETERMINED VIA NON-PARAMETRIC ANOVA AT THE 0.O, 1,7'EL
KE( TO MATERIALS

1=1EDIA CONTROL, 2=GLASS BEADS, 3ASBESTOS, 4-1RON 'vHISKERS, 5= 'GRPHI.71
FIBERS, 6A L-DUST, 7-KS-2 GRAPHITE, 8441CRO-260 GRAPHITE 9 TPINTEX L -

CARBON BLACK, 10=NI GRAPHITE, ItBRASS DUST
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STATISTICAL SUMMARY OF HISTOMORPHOMEIRIC ANALYSIS
OF MICROSCOPIC LESIONS AT 10 MG/ML LEVEL ,

",,:*-', ..",

MATERIAL .'.AN N STANDARD SIGNIFICANCE
DEVIATION NONPARAMETRIC e

1 10.05 15 12.16 2,3 . .'

2 31.54 14 27.37 1,7,8,9
3 31.90 14 22.41 1,6,7,8,9
4 22.79 15 14.77 7
5 21.75 13 21.20
6 18.68 15 17.27 3
7 9.65 15 11.90 2,3,4
8 11.28 15 14.52 2,3
9 10.89 15 15.37 2,3

SIGNIFICANCE DETERMINED VIA NON-PARAMETRIC ANOVA AT THE 0.05 LEVEL -,

** KEY TO MATERIALS r",, ,,
I=MEDIA CONTROL, 2=GLASS BEADS, 3=ASBESTOS, 4=IRON WHISKERS, 5=GRAPHITE
FIBERS, 6=AL-DUST, 7=KS-2 GRAPHITE, 8=MICRO-260 GRAPHITE 9=PRINTEX L
CARBON BLACK

A...-.e. .C1.~. ..-.. ,',
0:-:,?"-

~. ,, ,. .. ,

.\-r '
.,N. .:.:
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TECHNICAL PROTOCOL FOR IN VITRO TOXICITY ASSESSMENT OF
PARTICULATES IN TRACHEAL ORGAN CULTURE '

Study Number: G6695-0400

Sponsor: Chemical Research and Development Center,"

Sponsor's Toxicologist: Sandra Thomson, Ph.D.

Test Facility: Battelle Columbus Laboratories
505 King Avenue
Columbus, Ohio 43021

Study Director
and

Principal Investigator: Michael E. Placke, Ph.D.

Test Substances: There will be 8 metal particulates (Graphite
fibers, polycrystalline iron wiskers, aluminum
dust, nickel-coated graphite fibers, brass dust,
Printer L, micro 260 synthetic graphite fibers,
and K-2 natural graphite fibers) examined in
this study. Characterization of these materials
as to purity and stability will be the responsi-
bility of the sponsor.

Records: All records that would be required to reconstruct
the study and to demonstrate adherence to the
protocol. The stipulations of this protocol
are to be implemented in conformance with the
Good Laboratory Practice Regulations (40 CFR,
Part 172, EPA) for nonclinical studies. However,
this study is not intended for submission to
any regulatory agency and will not be listed
on Battelle's Master Schedule.

I. Objective: The purpose of this study is to assess the in
vitro acute and subacute toxic effects of the
sponsor's test articles on the respiratory epithe-
lium of hamster tracheal organ cultures and
based upon comparisons with historical control
substances, provide a rank order of the relati,,
toxicity of each test article. Toxicity will
be assessed based on microanatomical and histo-
morphometric changes.

II. Rationale: The tracheal organ culture model has been shown
to be an effective short-term in vitro assay
for the detection of cytotoxic and genotoxic
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damage induced by select particulate compounds. %
The hamster was chosen as a donor animal based ;'-
on the large volume of data available in the -.

scientific literature on hamster tracheal explants
exposed to a variety of xenobiotics. . '.,.-

III. Experimental Design: The project will be divided into 2 separate...-
studies. The first will be a range-finding .
study to determine the toxic potential of each
test article, the type(s) of lesion(s) each
may produce and to identify the concentration
at which extensive cytotoxic changes are most t.,_e 0

likely to occur. The second phase will be a %
definitive study to detail and quantify the
types of lesions produced following in vitro
exposure to the test articles and estimate the ,
relative toxic effects of each test compound.. ,
Toxic changes induced by the test materials • 0

will be compared to a known positive (crocidolite
asbestos) and negative (glassbeads) control,
in addition to untreated explants maintained

only in tissue culture media.

A. Characterization of Prior to explant studies, each particulate will * •
Test Articles: be characterized as to its general physical

characteristics mass medium diameter, and its %....-
properties while suspended in aqueous tissue . .

media. This data will be used to calculate
relative and effective doses of each compound "
and to assure individual particles (not conglo- 0
merates) of each test article are available
for cellular interaction durinQ exposure periods. - .
In addition, the concentration of silica (SiO 2 ) . -
within each test and control particulate will
be determined by emission or colorimetric spectro- '

photometry methods. (Actual method employed 6
will be based on relative concentration of silica
in each sample).

B. Tracheal Organ Sufficient numbers of five to six week old female, ...-. ,
Cultures: golden Syrian hamsters to provide the required

number of organ explants will be obtained from •
Charles Rivers Laboratory. Upon receipt each
animal will be examined and its general health

assessed. Sera will be collected from 5 male
and 5 female animals for serological evaluation.
Serum samples will be sent to Microbiological *
Associates; Bethesda, MD and will be tested
for titers to Sendai, Pneumonia Virus of mice,
RCV/SDA, Kilham Rat Virus and Mvcoplasma pulmonis. '- -
Tissues will be extracted from the hamsters
within 2-14 days receipt. Animals will be anes-

thetized wi,'h sodium Dentobarbital, the anterior,

ventral one-half of their body clipped free . ..
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ofhair Anc iif'e
removed and Diac, i sr- rr''

n~~ns )ha ~ ~ te tt'7_r :,s- i
streptomvci and func~4crie cS)-
reacnea 1 r -.s , mea s a 0D-r - 7fD~ a tP 1. d

"III w ill. be alstr ~ e dcsrs e

randomly to0 each of the 6 well (a total Hr
30 explants Per d Is h. The mnedia shall -~ mn0m0
e ssent ialI r-e< UiM-3,0 Gibco Laho-31r),cies

SuP leroEn' ;:r Insul in, hydroCnrt'sore hemi ae.~
-iy I a cePtte , ant4 biotics and antimycotics.

Media will be c-c-ged every ot her day. Ex:D!ar's
will be ircuhtr( at 37 'C 4 r a ,u ri d i , a d c
sphere of 95, rrd 5" COo2. Exp_.ants wi Il)
be permi *ted to icl imate to cul ture cordit1lc(rs
for 1-2 days p' r tr ev.)osture.

C . Exolarit Exoo-sure: The test and conro, .~ri~h will oe .:_srrdc:-e
at selected conrrtations ri cul ture 7nedi a
vortexed and sonicated to assure a homogeneous
suispension of single ' articies. The sujsoensionrs
shallI be Dreparel on a weigi>'/voi ume ta sis.
Each test article 4ill be caref'ul ly weigtie6
on an analytical balance and suspended in the
ap~,ropriate amount of measured media. .A r.a Iy-ic F
analysis of the formulat~on will not be cordictec.
The particulate-containinq media will be pte
onto the muscosal surface of the tracheal xl't
and the tissues incubated f~or 2 hours. After
the exposure period, the media will be removed
and fresh media added. One half of the exolart's
,vi 11 be col Iec ted a t 1 week anrd the ot he ore
nalf of the explants -collected 3 week-,~Kw~
exoo)sure.

0. Dose Rec'iren: The ranqe finding stu!d,.', l e ~~J
snown below:

G'-up est Substance 4"). We s0N. S .r~r?

I a&b X t2C
2 a&b x 4.? 2 1
3 A~b K /01 c~
4 a&b X %?
5 a~b x 4:'20 1 -C

Sa&b '

S r")u Q a I
"Vll be Cuole *-' 3'

will be co' C fl% '

t h e 8 t f? C a re p

Foi, r w 1 s f
to med a a n .me w 1 c~~

rint as.n- 3
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The definitive study will be conducted in a
similar fashion, incorporating 3 concentrations
per test article (determined by results from
the range finding study). A protocol amendment
approved by the study director and project monitor
will specify the concentrations of each test
and control material to be used in the definitive
study. There will be 6 wells of 5 explants .
each (30 explants) exposed for 2 hrs. to each
concentration of test or control article. Three
wells (15 explants) will be collected 1 week
after exposure while the remaining explants
will be collected 3 weeks post-exposure. Six
wells (30 total explants) exposed to media alone
will be included at each collection as untreated
controls.

IV. Histopathology: Explants will be collected in 10% neutral buffered
formalin, paraffin embedded 5 per block and
3-5 um thick cross-sections will be taken approximately .
100-150 um from the tissue face. These will
be stained with hematoxylin and eosin and evaluated
by light microscopy. The type, incidence and
severity of mucosal lesions identified in tissues
from the range-finding study will be summarized
according to compound and dose for each collection
time. Doses for the definitive study will be
selected based upon results and observations
made from the range-finding study. Exposure
levels will be selected in an attempt to avoid
extensive acute toxicity (mucosal degeneration
and necrosis) and to provide a dose response
development of proliferative or metaplastic
changes (if such lesions were identified in
the range-finding study). If no proliferative/metaplastic
lesions are identified in the preliminary study,
then the maximum tolerated dose (MTD), defined
as the highest concentration that does not cause
greater than 50% mucosal necrosis, will be the
high dose used, with 2 additional doses at log
intervals below the MTD selected for the definitive
study. Duplicate tissues sections, separated
by 300 um will be made of each block of explants
collected three weeks post-exposure from the
definitive study. These latter sections will
be used for both qualitative assessment and
histomorphometric analysis.
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Estimated Starting Date: January 20, 1986

Submission of Interim Report: March 24, 1986 ,

Submission of Draft Final Report: June 23, 1986 .+. .

r
Approval:

Battelle I/*.#2- -_-..2- -__
Michael E. Placke, Ph.D. Date

Study Director

_ / _',
°

Sandra Thomson, Ph.D. Date
Project Monitor , -

"].

Reviewed by: k .. _ .

Ramona Mayer Date

Quality Assurance Officer .
Battelle Columbus Laboratories
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The statistical evaluation will be made by analysis of variance techniques.
Pro~ided that Bartlett's test of homogeneity of variance is not significant,
treated groups will be compared to the control group using a one-way analysis
of variance and Ounnett's t-test. If Bartlett's test is significant, com-
parisons with the cortrol group will be made by a t-test technique which makes
allowance for unequal variance. In this latter case, Wilcoxon's rank sum test
will also be applied. Regression analysis on test group levels should be ___

performed. All statistical tests will be conducted at a 5 percent, two-sided •
risk level. %e%

NOTE: Suitable reference for these techniques are Snedecor, G. W. and
Cochran, W. G., Statistical Methods, 6th Edition, owa State Univ. Press
(1967). "

Analysis of variance pp. 270-277
Bartlett's test pp. 296-298 .. '.
Wilcoxon's rank sum test pp. 130-132
t-test, unequal variances pp. 114-116
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PROTOCOL AMENDMENT 1

Technical Protocol for In Vitro Toxicity Assessment of Particulates in Tracheal
Organ Culture.

Amendment: Section III. Experimental Design Part 0. Dose REgimen.

The concentrations of test article for explant exposure to be used for the
definitive study will be as follows:

DOSE LEVELS FOR DEFINITIVE STUDY -:-

Glass beads 10 mg/mI I mg/mi 100 Vzg/ml
Asbestos 10 mg/mi 1 mg/mi 100 11g/ml
Iron Wiskers 10 mg/mi 1 mg/mi 100 .g/ml
Graphite Fibers 10 mg/mi 1 mg/mi 100 Vig/ml
Aluminum Dust 10 mg/mi 1 mg/mi 100 Vg/ml
K-2 Graphite 10 mg/mi 1 mg/mi 100 rig/ml
Micro 260 10 mg/mi 1 mg/mi 100 iVg/ml *

Printers L 10 mg/mi 1 mg/mi 100 jVg/ml
Ni-coated Graphite 1 mg/mi 100 Vg/ml 10 Vg/ml
Brass Dust 1 mg/mi 100 Vg/ml 10 V~g/ml 1 Vig/ml ~

Reason: The doses were selected based upon results of the range-finding *

study.

APPROVED:

~~zC'- r- r6_
Michael E. Placke, Ph.D. Date
Study Director

Sandra Thomson, Ph.D. Date
Sponsor Representative
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